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(54) OPTICAL DISC RECORDING/REPRODUaNQ METHOD, OPTICAL DISC, AND OPTICAL DISC 
DEVICE 



(57) Data recording/reproduction is carried out in a 
disc format such that error con-ection codes interleaved 
with respect to the direction of data on a disc are collec- 
tively blocked into an error correction unit and that the 
input/output order o1 user data in an ECC block as an 
error correction unit is made coincident with the direc- 
tion o1 processing of the error correction codes. Thus, 
coding can be started at the time when necessary data 
for generating one code is transmitted, without waiting 
for transmission of data for one ECC block. Also, trans- 
mission of user data can be started at the time when 
correction of one code is completed, without waiting for 
completion of correction operation for one ECC block. 
Also, since the direction of correctbn codes is the same 
as the direction of user data, no memory for rean^ange- 
ment of data is required and the hardware structure can 
be minimized. Moreover, since less data transmis- 
sion/reception takes place between the buffer memory 
and the external device, bus arbitration can be easily 
carried out 
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Description 

Technical ReW 

5 [0001] This invention related to an optical disc recording/reproducing method, an optical disc and an optical disc 
device. 

Background Art 

10 [0002] Conventionally, optical recording media such as a disc-shaped optical recording medium and a card-shaped 
optical recording medium using an optical or magneto-optical signal recording/reproducing method have been devel- 
oped and provided on the market. As such optical recording media, there have been known read-only memory type 
recording media such as a so-called compact disc (CD), so-called write-once type recording meda which enable data 
writing once on the user side, and rewritable recording media which enable so-called ovenivrite such as a nnagneto-opti- 

15 cal (MO) disc. 

[0003] In an optical disc device for carrying out writing/reading of data onto/from a disc-shaped recording medium, 
a laser diode for emitting a light beam for information recording/reproduction and a photodetector for detecting a 
reflected light of a light beam radiated onto an optical disc are provided. Using an optical head on which focusing servo 
and tracking servo are performed on the basis of the detection output from the photodetector, speed servo is performed 
20 on a spindle motor and the optical disc is rotated at a constant angular velocity or a constant linear velocity while a 
recording track of the optical disc is scanned with a light beam, thereby can-ying out data recording/reproduction. 
[0004] In a magneto-optical disc system prescribed by the International Organization for Standardization (ISO), 
blocked codes are employed. 

[0005] In the fornriat of magneto-optical disc prescribed by the ISO. the direction of user data is equal to the direc- 
ts tion of data on the disc as shown in Rg. 1. In an ECC block using blocked codes, the direction of correction codes is 
irrterleaved with respect to the direction of data on the disc In order to improve the capability of correcting burst errors. 
Also, in this formal, data immediately after frame synchronization FS belong to separate identical correctk>n codes, and 
the second data from frame synchronization FS belong to separate identical error correction code& Similarly, data 
immediately before frame synchronization FS belong to separate identical error correction codes. 
30 [0006] At the time of recording on the optical disc of such a format, when all the user data sent from the application 
side for one ECC block is written into a buffer memory 302 through an arbiter 301 , as shown in Fig.2A, an ECC process- 
ing section 303 starts error con-ection coding. After coding of all the data in one ECC block is completed, the coded data 
is sent from the buffer memory 302 to modulation means and channel encoding is started. Thus, channel-encoded data 
is recorded in the user data area on the disc. 
35 [0007] At the time of reproduction, reproduction data obtained from the disc is channel-decoded by demodulation 
means. When all the data for one ECC block is written into the buffer memory 302 through the arbiter 30 1 , as shown in 
Rg.2B, the ECC processing section 303 starts decoding. After decoding of all the data in one ECC block is completed, 
the user data is taken out from the buffer memory 302 and is sent to the application side. 

[0008] As described above, in the magneto-optical disc system prescribed by the ISO, the direction of user data is 
40 equal to the direction of data on the disc, and the direction of error con'ection codes is interleaved with respect to the 
direction of data on the disc. Therefore, at the time of recording, error correction coding cannot be started unless all the 
user data for one block is written into the buffer memory. Unless coding of all the data in the block is completed, channel 
encoding of coded data cannot be started and hence channel-encoded data cannot be recorded onto the disc. At the 
time of reproduction, decoding cannot be started unless reproduction and channel decoding of all the reproduction data 
4s for one k>lock are completed. Unless decoding of all the data in the t>lock is completed, the user data cannot be taken 
out from the buffer memory. Thus, the latency time therefor is a fixed delay at the time of recording/i'eproduction. As the 
ECC block size increases, the fixed delay increases in proportion to the block size. 

[0009] In the case where special recording/reproduction is carried out such as after-recording for reproducing, 
processing and then recording data during a short period of time by effectively utilizing the random accessibility as a 

so feature of the optical disc, it is desired that the fixed delay at the time of recording/reproduction is as short as possible. 
[001 0] In the case of special recording/reproduction such as after-recording, it is necessary to have a buffer mem- 
ory corresponding to the time required for data processing between reproductkjn operation and recording operation and 
for access on the disc, in order to carry out continuous reproduction operation at a high speed, data processing and 
then continuous recording operation for securing a transfer rate. Also, not only a transfer rate which is approximately 

66 twice higher is required for carrying out reproduction and recording operation, but also the transfer rate needs to be 
higher for the time required for data processing and for access on the disc. 

[001 1 ] In the case of after-recording. It is considered that data may be recorded at a position on the disc from where 
it is reproduced. In the case of continuous reproduction and recording, too, the recording position is close to the repro- 
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duction position, Therelore, only a short access time is required and the data processing time may be problematical. In 
general, a frame synchronizing signal FS is provided at tlie header part o1 a frame. If bit slip is generated, re-synchro- 
nization can be candied out by using the Irame synchronizing signal FS. If bit slip Is generated at a halfway point of a 
frame, the timing is shifted in the portion following that point and demodulation cannot be earned out accurately, or the 
5 position of demodulated data is shifted. As a result, a data error is generated. After that, when a frame synchronizing 
signal FS is detected at the header part of the next frame, the correct timing is obtained and the data is accurately repro- 
duced. That is, the data immediately after the frame synchronizing signal FS is more resistant to an error caused by bit 
slip, in comparison with the data immediately before the frame synchronizing signal FS. 

[001 2] Meanwhile, there has been recently a remarkable increase in the capacity of the ROM (read only memory) 
10 disc and the RAM (random access memory) disc using optical recording. Shortening of the wavelength of a semicon- 
ductor laser used for the optical head of the optical disc recording/reproducing device and increase in the numerical 
aperture (NA) of an objective lens for condensing a light beam onto the information recording surface of the optical disc 
are realized. 

[001 3] Reduction in the spot size is Known as a technique for realizing a high-density phase-change type optical 
15 disc having a capadty greater than that of a DVD-RAM. The spot size on the recording medium is substantially provided 
by A/NA, and can be reduced by a technique using a short-wavelength semiconductor laser light source made of GaNI 
or ZnSe or a technique of increasing the NA of the ot>jective lens by a two-group lens r^esented by a solid immersion 
lens (SIL). 

[001 4] For example, on the assumption of A. = 640 nm and NA » 0.85, the diameter of tiie spot is approximately 0.75 
20 }im on the medium. If signals are recorded/reproduced by using RLL(1, 7) modulation, a linear recording density of 
approximately 0.21 pm/bit can be realized. 

[001 5] As typical modulation codes of a modulation system having a broad detection window of the channel suita- 
ble for high-density recording/reproduction, an RLL(1, 7) code and an RLL(2, 7) code are known. 
[001 6] RLL(1 . 7) modulation is a type of modulation with a run length limited (RLL) code having a finite maximum 
25 inversion interval of waveform string, in which the minimum run of bit Information (symbol) 0 is 1 and the maximum run 
is 7. 

[001 7] In RLL (1 , 7)modulation, when converting data having a basic data length of m bits to a variable-length code 
(d, k; m, n; r), for example, data having a basic data length in qual to 2 bits is convened to a variable- length code (1 , 7; 
2, 3; 2) having a mininfujm run d of 0 equal to 1 bit, a maximum run k of 0 equal to 7 bits, a basic data length m equal 
30 to 2 bits, a basic code length n equal to 3 bits and a maximum constraint length r equal to 2 bits, by using a conversion 
table including a code for restraining continuation of the minimum length d of 0 of tiie channel bit string of the RLL(1 . 7) 
code for a predetermined number of times. For this RLL(1, 7) modulation, the following conversion table is used. 
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[0018] In this RLL(1,7) modulation, if the bit interval of the recording waveform string is T, the minimum inversion 
interval Tmin is equal to 2T. If the bit inten/al of the data string Is Tdata, the minimum Inversion Interval Tmin 
is equal to 1.33(= (m/n)xTmin = (2y3)x2)Tdata. The maximum inversion interval Tmax is equal to 
8(= 7+1)T(= (m/n)xTnriax)Tdata = (2/3)x8Tdata = 6.33Tdata . The detection window Tw is equal to 0.67(= 2/3)Tdata. 
55 [0019] On the other hand, in RLL(2. 7) modulation, when converting data having a basic data length of m bits to a 
variable-length code (d, k; m, n; r), for sample, data having a basic data length m qual to 2 bits is converted to a vari- 
able-length code (2. 7; 1 , 3; 2) having a minimum run d of 0 equal to 2 bits, a maximum run k of 0 equal to 7 bits, a basic 
data Idigth m equal to 1 bit. a basic code length n equal to 3 bits and a maximum constraint length r equal to 2 bits, by 
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using a conversion table including a code for restraining continuation ot the minimum length d of 0 o1 the channel bit 
string of the RLL(2, 7) code for a predetermined number of times. For this RLL(2, 7) modulation, the following conver- 
sion table is used. 
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RLL(2. 7; 1,3: 2) 
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20 

[0020] In this RLL(2,7) modulation, if the bit interval of the recording waveform string is T the minimum inversion 
interval Tmin( = (d+1)T) is equal to 3T. If the bit interval of the data string is Tdata, the minimum inversion interval Tmin 
is equal to 1.5(= (nVn)x Tmin = (1/2) x3)Tdata . The maximum inversion Interval Tmax (= (k+1)T) is equal to 
8(=7+1)T(= (nrVn)xTmax)Tdata = (1/2)x8Tdata = 4.0Tdata . The detection window Tw (= (m/n)xT) is equal to 0.5(= 
25 1/2)Tdata. 

[0021] In the optical disc system using an optical head having a high-NA objective lens, it is necessary to enhance 
the error correction capability in order to cope with errors due to the Influence of dust parlldes or scratches on the opti- 
cal disc surface onto the light beam. To enhance the en-or correction capability, codes are increased or the ECC block 
Is increased. Moreover, there is proposed a method of interleaving and collectively blocking the enror correction codes 
30 in order to broaden the ECC block to the size eqidvalent to one track on the inner circumference of the disc. 

[0022] If blocked codes are used, a block size of not smaller than 64 KB can be constituted as user data even when 
general GF(2^ is used as codes. 

[0023] In addition, the present Assignee has proposed, in the Japanese Publication of Unexamined Patent Appli- 
cation No. Hei 9-285899, an optical disc recording/reproducing method, an optical disc and an optical disc device in 

35 whk;h address information is provkJed as a part of data within a frame so that a common data format is used for both a 
read-only disc and a recordable disc. According to this technique, in a btock format determined as shown in Fig.3. the 
code length of the ECC block is 196 (172 information woids and 24 parity words), the interleave length is 384, the 
number of sectors in this block is 16, the number of frames per sector is 49. the number of data within a frame is 96, 
and the user data per sector is equivalent to 4 KB. The data of 24 bytes within the leading frame of each sector is 
address information. The direction of data on the disc con-esponds to frames 0, 1 , 2, .... 783 (bk)cks « total sectors). 
[0024] In the block format shown in Fig.3, the interleave length is long in comparison with the frame length, and the 
header data of each frame is not on the same code but is concentrated at one of the four codes. 
[0025] Thus, it is an object of the present invention to provide an optical disc recording/reproducing method, an opti- 
cal disc and an optical disc device for recording/reproductk)n of data in a disc format such that the fixed delay at the 

4s time of recording/reproduction can be reduced. 

[0028] It is another object of the present invention to provide an optical disc recording/reproducing method, an opti- 
cal disc and an optical disc device for recording/reproduction of data in a disc format such that correction incapability 
caused by concentration of data of a specified position within a frame to a specified code can be avoided. 
[0027] In the case of reproduction, the correction capability with respect to a product code (PRC) can be improved 

60 by strategy. However, this can be realized on the assumption that connection processing is carried out for a plurality of 
times. 

[0028] On the other hand, in the ECC block fomied by interleaving and collectively bbcking error correction codes 
so as to broaden the ECC block to the size corresponding to one track on the inner circumference of the disc for improv- 
ing the error con-ection capability, the code structure is in one direction and therefore the number of times of correction 
66 is basically one. 

[0029] At the time of recording, too, the product code must be encoded in two directk)ns, tiiat is, parity generation 

must be carried out However, if blocked codes are used, encoding is earned out only in one direction. 

[0030] Thus, if the bk>ck size of the ECC block is the same, the fixed delay at the time of recording/reproduction is 
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smaller for the ECG block using blocked codes which require a smaller number of times o1 correction, than in the case 
where the product code is used. 

(0031 J Moreover, the fixed delay at the time of recording/reproduction can be significantly reduced by causing the 
direction of user data (input/output order) to be equal to the direction of con'ectk>n codes as shown in Fig.4. In the case 
5 of Rg.4. the direction of correction codes and the direction of user data are made coincident with each other, using the 
same capacity as that of the magneto-optical disc prescribed by the ISO. 

[0032] In the optical disc system having such a disc format that the direction of correction codes and the direction 
of user data are made coincident with each other, in reproductkxi, correction operation for reproduction data is can'ied 
out from when transmission of data for one ECC block from the demodulator is completed. This is because the directton 
10 of connection codes is interleaved with respect to the direction of data on the disc Then, the user data can be transmit- 
ted to the buffer memory from when con-ection of one code is completed. That is, it is not necessary to wait for correc- 
tion operat'on for one ECC block. This is because the direction of correction codes and the direction of user data are 
made equal to each other. 

[0033] Similarly, in recording, coding can be started at the time when necessary data for generating one code is 
15 transmitted, without waiting for user data lor one ECC block from the buffer memory. After that, when coding of one ECC 
block is completed, the data is transmitted to the modulator and recorded onto the disc. 

[0034] The operation timing in this optical disc system is shown in Flg.5, in comparison with the above-described 
case of the magneto-optical disc system. As shown in Rg.5, the fixed delay at the time of recording/reproduction can 
be reduced by the amount of "margin" in reproduction and recording. Also, a margin can be provided for data process- 

20 ing In reproduction and recording. Alternatively, the total data processing time and therefore the buffer memory can be 
reduced. In addition, since the direction of connection codes is the same as the direction of user data, no memory for 
data rearrangement is required and the hardware structure can be minimized. Also, since less data transmission/recep- 
tion takes place between the buffer memory and the external device, bus arbitration can be easily canied out. 
[0035] Moreover, higher resistance to en'ors can be obtained by dispersing words within the same code to a broad 

25 range of words within the frame. 

Disclosure of the Invention 

[0036] According to the present invention, data recording/reproduction is cried out. for example, in a format such 
30 that interleave processing is performed on error correction codes so as to collectively bfock the error con-ection codes 
into an error correction unit and that the input/output order of user data in an ECC bk>ck as an error connection unit is 
made coincident with the direction of processing of the error correction codes. 

[0037] Also, according to the present invention, data recording/reproduction is earned out, for example, in a disc for- 
mat such that the ECC block is constituted by one or more sectors, the sector is constituted by a plurality of frames, the 
35 block length of the ECC block is expressed by the following equation, 

block length = number of sectors x number of frames x frame lengtii 
= code length x interleave length 

40 the number of sub-sectors is expressed by the following equation, 

number of sub-sectors = number of sectors x p 

(where p » number of segments: natural number) 
46 and {code lengtii x interleave length}/(segment length x number of sub- sectors}%number of sub-sectors (where 
%indicates modulo) and the number of sub-sectors are prime numbers, respectively 

[0038] Also, according to the present Invention, data recording/reproduction is canied out, for example, in a disc for- 
mat such that the ECC block is constituted by one or more sectors, tiie sector Is constituted by a plurality of frames, the 
block length of tiie ECC block is expressed by the following equation, 

60 

block length = number of sectors x number of frames x frame lengtii 
= code length x interleave length 

the number of sub-sectors is expressed by the following equation, 

66 

number of sub-sectors » number of sectors x p 
(where p s number of segnnents: natural number) 
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and when the code length is divisible by q (where q » number oi subblcK^ks: natural number), 
{{code length/q} x interleave length }/{segmen1 length x number of sub-sector5}%number o1 sub-sectors (where 
% indicates modulo) and the number of sub-sectors are prinfie numbers, respectively. 

[0039] Moreover, according to the present invention, data recording/reproduction is carried out, for example, in a 
disc format such that the number of data within the segment is smaller than the nunrtber of data within the frame and 
that the correction code position is updated for each segment while the interleave rule is met in causing the data posi- 
tion on the disc to correspond to the data position on the ECC block. 

[OO40] Also, according to the present invention, data recording/reproduction is can-ied out, for example, in a disc for- 
mat such that the correction codeposition is updated by one byte. 

[0041] Also, in the optical disc recording/reproducing m^od and the optical disc device according to the present 

invention, data recording/reproduction is carried out, for example, in a disc format such that the ECC block is constituted 
by one or more sectors, the sector is constituted by a plurality of frames, the block length of the ECC block is expressed 
by the following equation, 

15 block length » number of sectors x number of frames x frame length 

= code leSigth x interleave length 

and a sector ID is provkfed hoUing the following relatk>nsw 

20 sector ID length x number of sectors « interleave length x k 

(where k is a natural nun^er) 



25 sector ID lengtii « segment length x p 

(where p = number of segments: natural number) 
[0042] Also, in the optical disc recording/reproducing method and the optical disc device according to the present 
invention, data recording/reproduction is carried out. for example, in a disc format such that 
{code length x interleave Iengtii}/{s8gment length x number of sector8}%number of sectors (where % indicates mod- 
ulo) and tile number of sectors are prime numbers, respectively. 

[0043] in addition, according to the present invention, data recordingAeproduction is carried out, for example, in a 
disc format such tiiat the number of sectors is 2" and that (code length x interleave length}/{sector ID length x number 
of sectors} is an odd number. 

[0044] Also, in the optical disc reoording^eproduclng method and the optical disc device according to the present 

invention, data recording/reproduction is carried out. for example, in a disc format such that the number of data within 
the segment is smaller than the number of data within the frame and that the correction code position is updated for 
each segment while the interleave rule is met in causing tiie data position on the disc to correspond to ttie data position 
on the ECC block. 

[0045] Moreover, according to the present invention, data recording/reproductfon is candied out, for example, in a 
plurality of disc formats having different ECC block sizes in accordance with tiie setting of tiie number of sectors and 
interleave length. 

Brief Description of the Drawings 

45 

[0046] 

Fig. 1 schematically shows tiie franfie structure within an ECC block in the format of a magnetooptical disc pre- 
scribed by the ISO. 

60 Figs.2A and 2B schematically show the flow of data in reoordingAeproduction operation witii respect to tiie mag- 
neto-optical disc prescribed by the ISO. 

Fig.3 schematically shows an exemplary frame structure witiiin an ECC block in a disc format previously proposed 
by the present Assignee. 

Fig.4 schematically shows the structure of an ECC block in which the direction of user data is the same as the 
ss direction of con'ectlon codes. 

Fig.5 shows the operation timing in an optical disc system, comparing a conventional ECC bfock in which tiie direc- 
tion of user data is diffierent from the direction off correction codes and an ECC block in which the direction of user 
data is the same as the direction of oonrection codes. 
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Fig.6 schematically shows the structure o1 an ECC block in an optical disc system according to the present inven- 
tion. 

Figs.7A and 7B schematically show the structure of frames within the ECC block shown in Fig.6. 
Fig.8 schematically shows the data configuration within a sector in the optical disc system employing the ECC 
5 block. 

Fig.9 schematically shows the relation between the data configuration within the sector and ECC (information 
words and parity]. 

Fig. 1 0 schematically shows the frame st'ucture within tiie ECC block. 
Fig. 1 1 schematically shows the arrangement and structure of data units within tiie ECC block. 
10 Fig. 1 2 schematically shows user data in the optical disc system. 

Fig. 13 schematically shows the frame structure within tiie ECC block in the case where one ECC bkx;k is consti- 
tuted by one sector. 

Figs. 1 4A and 1 4B schematically show another frame structure within the ECC block. 

Fig. 15 schematically shows the data configuration within the sector in the case of the frame structure shown in 
15 Figs. 14A and 14B. 

Fig. 16 schematically shows the relation between the data configuration within the sector and ECC (information 
words and parity) in the case of the frame structure shown in Figs.14A and 148. 

Fig. 17 schematically shows the arrangement and stOJCture of data units within tiie ECC block in the case of the 
frame structure shown in Figs.14A and 148. 
20 Fig. 1 8 is a block diagram showing the structure of a disc drive of an optical disc recording/reproducing devwe for 
carrying out recording/reproduction of user data onto/from an optical disc according to the present invention. 
Fig. 19 is a schematic cross-sectional view showing the structure of an asphericai two-group objective lens unit pro- 
vided in an optical head of the disc drive. 

Fig.20 is a block diagram showing a reoording/reproduction processing unit in the optical disc recording/reproduc- 
25 ing device. 

Figs. 21 A and 2 1 B schematically show the f k>w of data in recording/reproduction operation candied out by the optk:al 
disc recording/reproducing device. 

Fig.22 schematically shows another structure of tiie ECC block in the optical disc system according to the present 
invention. 

30 Fig.23 schematically shows tiie frame structure within tiie ECC block shown in Rg.22. 

Fig.24 schematically shows the arrangement and structure of data units within the ECC block shown in Fig.22. 
Fig.25 schematically shows anotiier structure of the ECC block in the optical disc system according to the present 
invention. 

Figs.26Aand 268 schematically show the frame structure in tiie ECC block shown in Fig.25. 
35 Fig.27 schematically shows the data configuratbn within tiie sector in the optical disc system enploying the ECC 
block shown in Fig.25. 

Fig.28 schematically shows tiie frame structure within the ECC block shown in Fig.25. 
Fig.29 schematically shows the arrangement and structure of data units witfiin the ECC block shown in ng.25. 
Figs.30A and 30B schematically show another structure of the ECC block in the optical disc system acconjing to 
40 tiie present invention. 

Figs.31 A and 31 B schematically show the frame structure in ttie ECC block shown in Fig.SOB. 

Fig.32 schematically shows the data configuration within the sector in the optical disc system employing the ECC 

block shown in Rg.30B. 

Fig.33 schematically shows tiie frame structure within tiie ECC block shown In Rg.30B. 
45 Fig.34 schematically shows tiie arrangement and structure of data unhs within tiie ECC block shown in Fig.30B. 

Best Mode tor Carrying Out the Invention 

[0047] Preferred embodiments of the present invention will now be described in detail with reference to the draw- 
so ings. 

[0048] In an optical disc system according to the present invention, an ECC bkx;k having a block format as shown 
in Fig.6 is employed. 

[0049] The ECC block shown in Fig.6 Is constituted by binding codes of 206 Information words and 29 parity words 
for 320 lines. Therefore, the ECC block has a code length of 235 (206 information words and 29 parity words) and an 
65 Interleave length of 320. If each code of 235 words whh respect to each ''g" is expressed by D(i. j) (where i= 0 to 234. j 
e 0 to 319) as shown in Rg.6, tiie code is generated to satisfy the following Equation 1. 
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5 



... (Equation 1) 

10 



2fl 27 9 

[0050] In this Equation 1 , g(x) is a generating polynonnial and is expressed by g(x)= (x-a ) - (x-a ) - * * (x-a } , 

15 where a is the root of tlie original polynomial f(x) = x +x'*+x®+x ^+x ^ on 0F(2^. 

[0051] With respect to the data ot the ECC bbck, the number of data of one frame is 100 bytes as shown in the 
frame structure of ng.7A. When this data is (1, 7)-modulated. the number of data equal to 100 bytes per frame is 
changed to 1200 channels as shown in Fig.7B. In the frame stnjotures shown in Rgs.7A and 7B, B{s, t, u, v) is nrwdu- 
lated to m(s. t, u. w). where "s" represents the sector, "t" represents the frame, "u" represents the segment "v" repre- 

20 sents the data(bytes), and represents the channel after modulatioa In addition, a DOC channel or the like for 
appending a DCC code to the control of DC components in the (1 , 7) modulation system by each DC control cell (DCC) 
may be provided. 

[0052] A segment is equivalent to 20 bytes, which is equal to the sector ID length. Since a segment has 20 bytes 
equivalent to the sector ID length, the number of segments within a frame is 5. 
25 [0053] The number of sectors in this EGO block is 16 and the number of frames per sector is 47. The user data per 
sector is equivalent to 4 KB. 

[0054] Rg.8 shows the configuration of recording/reproduction data on the disc. As shown in Fig.8, a frame sync 
part FS is appended to the header of a channel string on the frame (channel) basis. Also, APC and VFO parts are 
appended to the header of every 47 frames (channels) and a postamble PO is appended to the last part, thus consfi- 

30 tuting one sector. In this case. ARC is a light-emitting pattern area for controlling the recording laser power at the time 
of recording. VFO is a pattern area for applying PLL for clock extraction at the time of reproduction. As the frame sync 
part FS, a unique pattern for realizing channel synchronization which does not appear in the modulation rule, is used. 
In this embodimem. the frame sync FSO indicating the header of the sector is discriminated from the other frame sync 
parts FS1 . However, a sector sync part SS may be inserted between VFO and FS. 

35 [0055] The relation between the data configuration within the sector and ECC Onformatk>n words and parity) is 
shown in Fig.9, and the frame structure within the ECC block is shown in Fig.10. 

[0(^6] In this embodiment, the number of sectors is 1 6 « 2**, and k = 1 holds. Therefore, in causing the data position 
on the disc to correspond to the data position on the ECC block on the assunnption that the code length is an odd 
number while the number of data within the segment is smaller than the number of data within the frame, a disc format 
40 Is used such that the correction code position is updated for each segment while the interleave rule Is met. Thus, the 
one-to-one correspondence between the data on the disc and the data on the ECC block can be realized. 
[0057] In the ECC block shown in Fig.6, the direction of data on the disc is provided by the rising order of B(s, t. u, 
v), that is, by the arrangement numbers from the upper position to the k>wer position in the order of s, t, u and v. The 
relation between D(i. j) and B(s, t, u, v) is expressed by the foltowing equatk>n. 

45 

B(s. t, u, V) = D(i, j) 

=D([(((47xs)+t)x20+v)/20]%235.((((47xs)+t)x5+u)x20+v)/20%320) 

In this equation, [r] is the maximum positive integer not exceeding r, and % indicates modulo This is similarly applied 
so in the following description. 

[0058] The leading segment of the leading frame of each sector represents the sector ID. 

[0059] In this embodiment, since the segment has 20 bytes, the number of sectors is 16. the interleave length is 

320. and k = 1 holds, the following relation is obtained. 

SS segment length x number of sectors = interleave length x k 

(where k= 1) 

That is, 20x16 = 320x1 is obtained. In the above-described anrangement the sector ID corresponds to the first one 
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word of information words of all the correction codes, and the user data corresponds to the second and subsequent 
words o1 information words of all the correction codes. Therefore, the direction of user data can be made equal to the 
direction of correction codes without being disturbed by the header. 

[0060] The an^angement of data units within the ECC block is shown in Fig. 11 . and the structure of data units is 
5 shown in Fi9.12. H(g, h) is header information, that is. sector ID information. U(g. h) is user data. E(g, h] is an en'or 
detection code (EDC) of the user data, "g" is the number of data units and "h" is the number of data. 
[0061] The direction of EDC (direction of error detection) may also be the same as the direction off ECC codes. 
Error detection with EDC is performed on the entire data of the data unit, that is, the user data and EDC. 
[0062] EDC is generated to satisfy the following Equation 2, for exarrpla 

10 

4095 3 

I . X ^E,- xC***^^) =p . 9 , W (Equation 2) 

1$ 

[0063] In this Equation 2, g(x) is a generating polynomial and is expressed by 
g(x)= (x-a^) ■ (x-a^) ■ (x-a ^) • (x-a^) . where a is the root of the original polynomial f(x) = x^+x'^+x^+x^+x^ on 
Of{2\ 

[0064] The header information H(g.h) includes information which is used as ID by. lor example, the CPU of the con- 
20 trd section, and a part of this Information might be used as physical address information such as the sector. In addition, 
the header information may include information such as the preface of the disc. Moreover, the error detection code may 
be appended to this information. The sector ID may include an area for dumnrty data or the Tike which is replaced by a 
synchronization pattern. This has no meaning to the application side and the CPU of the control section. 
[0065] The user data U(g. h) and the result of detection using ttie error detectfon code E(g. h) are also used by the 
2$ CPU of the control section. Howe^r, only the user data U(g, h) must be transmitted to the application skJa 

[0066] The arrangement in which the direction of the user data U(g. h) is made equal to the direction of the error 
detection codes E(g, h) is expressed by the foltowing relational expressions between D(i, ]) and U(g, h). E(g, h). 

U(g.h)oDfi.j) 

30 = D((hx205)+1. 20xg+[hfi05D 

where h is 0 to 4095 and g is 0 to 15 



35 E(g.h) = D(i,i) 

= D(((4096-Hh)%205)-i-1, 20xg+[(4096-fh)/205]) 

where h is 0 to 3 and g is 0 to 15 
[0067] As for the header information H(g, h), the following relation expression is obtained. 

40 




where h is 0 to 19 and g is 0 to 15 

46 [0068] In reproduction, by carrying out EDC check after correction for a necessary quantity, the user data can be 
immediately sent to tiie appfication side. That is. it suffices only to wait for completion of the correction operation for the 
data unit and it is not necessary to wait for the correction operation for one block. Moreover, after the end of the correc- 
tion operation of the data unit, it is possitde to send the user data to the applicatton side as soon as the required cor- 
rectfon operation of codes is completed without watting for completion of EDC check then carry out EDC check at the 

60 last part of the data unit and send the result to ttie CPU. 

[0069] In recotding. error correction codes can be generated while the user data is sent from the appfication side. 
At the time when ti'ansmissfon of informab'on words of one code is completely, parity words corresponding to the code 
can be generated. 

[0070] The error detection codes EDC, too, can be generated at the time when tine user data for one data unit is 
55 sent. 

[0071 } Thus, by can-ying out the EDC generatfon operation simultaneously with transmission of the user data, then 
carrying out aritiimetic operation with respect to the transmitted infornnation words in the user data portion of each error 
correction code, and carrying out arithmetic operatk>n with respect to the generated parity in the parity word portion, tiie 
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error detection codes EDC can be generated. 

[0072] By using the above-described disc format, the header data (B(x. x, 00}} of the leading segment o1 each 
frame is dispersed by the number of sectors at every segment length, and is dispersed to 16 codes for every 20 lines 
within the Interleave length, as shown in Fig. 11. Therefore, correction Incapability due to concentration of data of a 
5 specified position within a frame to a specified code can be avoided, and higher resistance to en-ors generated by b'rt 
slip can be obtained. 

[0073] When the number of sectors is to be reduced In order to reduce redundancy such as a pre-header. the 
above^lescrlbed sectors may be gathered into an actual sector. 

[0074] In the case where the data is used for purposes other than AV. for example, for a computer storage, it maybe 
10 desired to reduce the file size. In the computer storage, a defective area is avoided by substitution. Therefore, in some 
cases, there may be employed a format for reducing the ECC block even though the error correction capability is low- 
ered. Further, there is also an advantage such that discs of two similar formats can be handled in a common device. 
For example, tough one ECC block is constituted by 16 sectors in the above-described embodiment, an independent 
ECC block fbr each sector enables recording/reproduction with discs of the same physical format 
15 [0075] The frame structure within the ECC block in the case where one ECC bk>ck is constituted by one sector is 
shown in Fig. 13. 

[0076] In the frame structure shown in Fig. 13, data of one sector constitutes one ECC block, and user data of one 
ECC blod< constitutes one data unit In this case, too, the direction of data within the data unit may be the same as the 
direction of ECC. 

20 [0077] The frame structure within the ECC block In the case where the structure of the ECC block is the same as 
that of Fig.6 while the number of sectors is 32 is shown in Figs.14Aand 14B. 

[0078] In this frame structure, the number of data within a frame is 50 bytes, as shown in Fig. 1 4A, and 50 bytes per 
frame is (1 , 7)-modulated to 600 channels, as shown in Flg.14& That is, a segment has 10 bytes (120 channels) and a 
frame has 5 segments = 50 bytes (600 channels). Address Information is included in one segmem. 
25 [0079] The structure in which the number of sectors within the ECC block is 32 is shown In Rg.1 5. The frame struc- 
ture within the ECC blod^ is shown in Fig. 1 6. 

[0080] The an-angemeni of data units within the ECC block is shown in Fig. 1 7. As shown in Rg. 1 7, the number of 
data units within the ECC block is 16. 

[0061] In the case where ID information of the data unit is to be sent to the CPU, the address Information of sector 
so 0 is expressed by 1-1(0, 0 to 9) and the address information of sector 1 1s expressed by 1-1(0, 10 to 19). Then, H(0, 0 to 
19} or information necessary for ID obtained therefrom is used as ID information of the data unit 0. 
[0(^2] . As the number of sectors is thus inaeased, the segment becomes smaller. Therefore, in comparison with 
the case of the disc format shown in Figs.6 to 12. correction incapability due to concentration of data of a specified posi- 
tion within a frame to a spedf led code can be avoided further, and higher resistance to errors generated by bit slip can 
35 be obtained. 

[0083] Next, for recording/reproduction of user data onto/from an optical disc of such a format an optical disc 
recording/reproducing device having the following slnjcture is used, for example. 

[0064] This optical disc recording/reproducing device has a disc drive 100 of a structure as shown in Fig. 18, in 
whfch an optical disc 101 is rotationally driven at a constant angular velocity by a spindle motor 102 while the informa- 
40 tion recording surface of the optical disc 1 01 is scanned with a laser beam by an optical head 110, thus opticall/ record- 
ing/reproducing information. 

[0085] The optical head 1 1 0 provided in the disc drive 1 00 has a semiconductor laser (LD) 103 as a light source for 
radiating a laser beam for recording/reproduction to the optical disc 101 . The light emitted from the semiconductor laser 
103 is collimated by a collimating lens 104 and passes through a diffraction grating 105 for size spot generation. After 

45 that.the light becomes Incident on an aspherk»l two-group objective lens unit 120 through a beam splitter 106 and a 
quarter-wave plate 107, and is condensed onto the infornmtion recording surface of the optical disc 101 by the aspher- 
ical two-group objective lens unit 120. A part of the light emitted from the semiconductor laser 103 is reflected by the 
beam splitter 106. then led to an emission power monitor detector 109 through a condenser lens 108. and used for 
automatic power control for controlling the laser power on the Infomnation recording surface. A reflected light (that is, a 

so reproduction signal) from the optical disc 101 is reflected by the beam spntter 108 and then led to a detection optical 
path. A part of this light is reflected by a beam splitter 111, then made incident on a servo signal detector 1 14 through 
a condenser lens 1 12 and a cylindrkial lens 1 13, and then photoelectrically converted. The remaining part of the light 
is made incident on an RF signal detector 1 17 through lenses 115. 1 16 and then photoelectrically converted. In this 
optical head 1 1 0, a focusing error signal is generated by using an astigmatic method, and a tracking en-or signal Is gen- 

55 erated by using a differential push-pull method. In this case, a servo error signal and a reproduction RF signal are 
detected by the two signal detectors 11 4, 1 1 7. However, only one detector may suffice. 

[0066] The aspherical two-group objective lens unit 120 has a first electromagnetic actuator 122 for driving a first 
lens 121, and a second electromagnetic actuator 124 for driving a second lens 123. as shown In Fig.19. The second 
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lens 123 is mounted on the second electromagnetic actuator 1 24 movable in the direction of opHc axis and in the direc- 
tion off tracks, and has a numerical aperture off approximately 0.5. Thelirst lens 121 is nrxjumed on the first electromag- 
netic actuator 122 different from the second electromagnetic actuator 124. above the second lens 123, and is 
controllable at an arbitrary position on the optical axis. 
5 [0087] This optical disc recording/reproducing device has a recording/reproduction processing block 200 having a 
structure as shown in ng.20 and connected to the disc drive 100 for carrying out recording/reproduction by scanning 
the information recording surface of the optical disc 100 by the optical head 110. 

[008B] This recording/reproduction processing block 200 has a computer or central processing unit (CPU) 202 and 
an arbitration processing section 203 fbr carrying out transmission/reception of user data and control data to/from tiie 
10 appncation side through an application l/F circuit 201. A buffer memory 204 and an ECC processing section 205 are 
connected to the arbitration processing section 203. Also, an in-sector timing generator 206 and a reproduction timing 
generator 207 are connected to the arbitration processing section 203. 

[0089] The recording/reproduction processing block 200 also has a modulation section 208 to which recording data 
is supplied from the art>itration processing section 203 at the time of reconding. and a pattern generation sectk>n 21 1 

15 and a selector section 212 whidi operate in accordance with a timing signal provided by the in-sector timing generator 
206. The modulation section 208 performs modulation processing conformable to the RLL(1 , 7) modulation rule on the 
recording data supplied from the arbitration processing section 203, and suppRes the modulation output to the selector 
section 212. The pattern generatk)n section 211 generates APC, VFO and PO patterns. The selector section 212 
selects tiie outputs of the modulation section 208 and tiie pattern generation section 211 in accordance with a timing 

20 signal provided by the in-sector timing generator 206, tiius generating and supplying a recording channel signal to the 
disc drive 100. 

[0090] The in-sector timing generator 206 carries out RLL(2, 7) demodulation on a reproduction signal of an 
address area (sector ID area) AR2 of the optical disc 101 supplied from the disc drive 100 so as to obtain address infor- 
matk>n, and supplies the address information as sector position information to the CPU 202. Also, the in-sector timing 

25 generator 206 generates each timing signal within the sector on tiie basis of the sector position infomiatk>n, and con- 
trols the operation of the modulation section 208, the pattern generation section 21 1 and the selector section 21 2 at the 
time of recording. At the lime of reproduction, the in-sector timing generator 206 supplies a reference timing signal to 
the reproduction timing generator 207. The CPU 202 carries out access control for recording/reproducing the user data 
on tiie basis of the control data provided from the application side and the sector position information provided by tiie 

30 in-sector timing generator 206. 

[0091 ] Moreover, the recording/reproduction processing block 200 has a synchronization detection sectkMi 21 3 and 
a demodulation section 214, to both of which a reproduction channel signal is supplied from the disc drive 100 at the 
time of reproductk)n. The synchronization detection section 213 detects a synchronizing signal included in the repro- 
duction channel signal and supplies the detected synchronizing signal to the reproduction timing generator 207. Then. 

3S the demodulation section 214 carries out RLL(1 , 7) demodulation processing, on the reproduction channel signal, cor- 
responding to RLL(1. 7) modulation processing in the modulation section 208 on the basis of a timing signal provided 
by the reproduction timing generator 207 so as to generate reproduction data, and supplies the reproduction data to the 
arbitration processing section 203. 

[0092] In the recording/reproduction processing block 200 of such a structure, in recording, user data is sent from 
40 the application side to tiie ECC processing section 205 and ID information and reserved data are sent from the CPU 
202, as shown in Fig.21 A. Then, IDE generation and EDC generation are carried out by the ECC processing section 
205 and ECC encoding is carried out. Thus, data within the ECC block is prepared on the buffer memory 204. 
[0093] The ECC processing section 205 starts coding at tiie time when necessary data for generating one code is 
supplied, without waiting for arrival of user data for one ECC block onto tiie buffer memory 204. 
46 [0094] After tiiat. when coding for one ECC block is completed, the data within the ECC block prepared on tiie 
buffer memory 204 is RLL(1 , 7)-modulated by the modulation sectton 208 at the timing of tiie sector to be recorded, indi- 
cated by a timing signal from the in-sector timing generator 206. The modulated data is sent to the disc drive 100 
through the selector section 212, as a recording channel signal to whfch the APC, VFO, SS and PO patterns generated 
by the pattern generation section 21 1 are appended. The recording channel signal is then recorded into the user area 
60 of the optk»l disc 101. 

[0095] In this case, in the arbitration processing section 203, rearrangement of the respective data is carried out by 
arbitiating address signals for the buffer memory generated from each block. 

[0096] On the other hand, in reproduction, a synchronizing signal is delected from a reproduced reproduction chan- 
nel signal by the synchronization detection section 213 and is supplied to the reproduction timing generator 207, thus 
55 performing synchronization protection. Then. RLL(1 , 7) demodulation is carried out by the demodulation section 214 on 
the basis of the timing and reproduction data is sent to the buffer memory 204, as shown in Fig.21 B. Then, ECC decod- 
ing is canned out by the ECC processing section 205 and EDC check and IDE check are carried out In the ECC 
processing sectk>n 205. correction operation for tiie reproduction data Is started at the time when transmission of data 
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for one ECC block from the demodulation section 21 4 is completed, and transmission of the user data Is started at the 
time when correction of one code is completed. That is, it is not necessary to wait for the correction operation for one 
ECC block. 

[0097] In the above-described embodiments, the code position (word) is updated on the segment basis con'e- 
5 sponding to the length of header, that Is. sector ID. However in realizing correspondence of the data position on the disc 
to the data position on the ECC block on the assumption that the number of data within the segment is smaller than the 
number of data within the frame, the correction code position may be updated for each segment while the Interleave 
rule is met, and data recording/reproduction may be carried out in a disc format such that the ECC block is constituted 
by one or more sectors, the sector is constituted by a plurality of frames, the block length of the ECC block is expressed 
10 by the following equation, 

block length « number of sectors x number of frames x frame length 
B code length x Interleave length 

15 the number of sub-sectors is expressed by the following equatk>n, 

number of sub-sectors = number of sectors x p 

(where p = number of segments: natural number) 
20 and {code length x interleave length}/{segment length x number of sub- sectors]%number of sub-sectors (where % 
indicates modulo) and the number of sub-sectors are prime numbers, r^pectively 

[0098] For example, with respect to an ECC block in which the code length obtained by binding and blocking codes 
of 207 information words and 28 parity wonds for 320 lines is 235 (207 information words and 28 parity words) and in 
which the interleave length is 320. as shown in Fig.22. the data has the frame structure shown in Fig.7 and has the data 
25 configuration within the segment shown in Rg.8, similarly to the ECC block having a code length of 235 (206 information 
words and 29 parity words) and an interleave length of 320 shown in Fig.6. 

[0099] That is. the ECC block shown in Fig.6 is the same as an ECC block having the following structure, 
number of sectors = 16, number of frames = 47, frame length = 100 bytes 

so 

code length = 235. interleave length = 320 

sector ID = 20, k? 1 

35 segment length = 20, p = 1 , number of sub-sectors = 16 

[0100] As for the ECC block shown in Flg.22, the user data within the ECC block is 64 KB and the number of con- 
stituent sectors is 16. 

[0101 ] The frame structure within the ECC block of this case is shown in Fig.23, and the arrangement and structure 
40 of data units are shown in Rg.24. H(g, h) represents header information, that is, sector ID information. R(g. h) repre- 
sents 20-byte information al the leading part of each data unit. U(g, hjrepresents user data. E(g. h) represents an en'or 
detection code (EDC) of the user data, "g" is the number of data units, and "h" is the number of data. 
[0102] In the ECC block shown in Fig.22, the direction of data on the disc is provided by the rising order of B(s, t, 
u, v),that is, by the arrangement numbers from the upper position to the lower position in the order of s, t, u and v. The 
46 relation between D(i, j) and B(s, t, u. v) is expressed by the following equation. 

B(s, 1, u, v) = D(i. j) 

= D([((((47xs)+t)x5+u)x20+v)/20]%235. ((((47x6)+t)x5+u)x20+v)y20%320) 

60 [0103] The arrangement in which the direction of the user data U(g, h) is made equal to the direction of the en'or 
detection codes E(g, h) Is expressed by the following relational expressions between D(i, j) and R(g, h), U(g, h), E(g, h). 

R(a h)oD(i,j) 

= D((h%206)+1, 20xg+[h/206]) 
55 =D(h+1.20xg) 

where h is 0 to 19 and g is 0 to 15 
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U(g,hj^ = Dan 

= D(((20+h)%206)+1. 20xg+[(20+h)/206]) 
where h is 0 to 4095 and g Is 0 to 15 

5 

E(9. h) = D(i. j) 

= D(((4116+h)%206)+1. 20xg+[(4116+h)/206]) 

where h is 0 to 3 and g is 0 to 15 
10 [0104] As for ttie header information H(g. h). the following relation expression is obtained. 

Hto.h) = D(i.i) 
-D(0,20xg4h) 

15 where h is 0 to 19 and g is 0 to 15 

[01 05] Thus, in the ECC block shown in Fig.22, specified data within the frame, for example, the leading data of the 
frame are dispersed to 16 positions at every 20 codes. The sector ID has 20 bytes at the leading part of each sector. 
[01 06] The ECC block shown in Fig.1 3 in which one ECC block is constituted by one sector is the same as an ECC 
20 block having the following stoicture. 

number of sectors = 1 , number of frames = 47, frame length = 100 bytes 

code length = 235. interleave length =20 

25 

sector ID = 20.k=1 

segment length 20, p » 1 , number of sub-sectors « 1 

30 [01 07] In this ECC bk)ck, the user data within the ECC bbck has 4 KB and the number of constituent sectors is 1 . 
The leading data of the frame are dispersed to one position at every 20 codes. The sector ID has 20 bytes at the leading 
part of each sector. 

[01 08] Further, the ECC block of the format shown In Figs. 14 to 1 7 is the same as an ECC block having the foltow- 
ing structure. 

35 

number of sectors = 32. number of frames = 47, frame length = 50 bytes 
code length = 235, interleave length = 320 
sector ID = 10, k = 1 

segment length » 10, p « 1 , number of sub-sectors 32 

40 

[01 09] In this ECC block, the user data within the ECC block has 64 KB and the number of constituent sectors is 
32. The leading data of the frame are dispersed to 32 positions at every 10 codes. The sector ID has 10 bytes at the 
leading part of each sector. 

[01 1 0] In the ECC block shown in Fig.22, the user data within the ECC block has 64 KB and the number of constit- 
45 uent sectors is 16, similarly to the ECC block shown in Fig.6. Thus, the sector ID is concemrated. However, in an ECC 
block having a structure such that 

number of sectors = 16, number of frames = 100, frame length = 47 bytes 

50 code length = 235, interleave length = 320 

sector ID « 20, k = 1 

segment length » 5, p = 4. number of sub-sectors = 64, 

55 

the number of user data within the ECC block Is 64 KB and the number of constituent sectors Is 16. The leading data 
of the frame are dispersed to 64 positk)ns at every five codes. Thus, the sector ID is dispersed to fbur positions fbr every 
five bytes. 
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[0111] Moreover, in an ECC block having a structure such that 

number o1 sectors = 16, number of Irames = 60, frame length = 94 bytes 
code length 235, interleave length » 320 
5 sector ID = 20. k = 1 

segment length a io, p s 2. number of sut>-sectors a 32, 

the number of user data within the ECC block Is 64 KB and the number of constituent sectors Is 16, The leading data 
of the frame are dispersed to 32 positions at every 1 0 codes. Thus, the sector ID is dispersed to two positions for every 
10 10 bytes. 

[Oil 2] By thus dispersing specified wards within the fiame, that is, sector ID, higher resistance to errors can be 
obtained. 

[01 1 3] In addition, in realizing correspondence of the data position on the disc to the data position on the ECC block 
on the assumption that the number of data within the segment is smaller than the number of data within the frame, spec- 
15 if led words within the frame may be dispersed to a broad range by updating the conation code position lor each byte 

while meeting the interleave rule. 

[01 1 4] For example, in an ECC block in which the code length obtained by binding and blocking codes of 207 infor- 
mation words and 30 parity words for 320 lines is 237 (207 information words and 30 parity words) and in which the 
interleave length is 320, as shown in Fig.25. the number of data of one frame of the ECC block is 79 bytes as shown in 

20 the frame stmcture of Flg.26A, and is modulated to 946 channels by (1 , 7) modulation &s shown in Fig,26B, 

[0115] In the frame structure shown in Figs.26A and 268. B($. t. u, v) is modulated to m(8. t, u. w), where "s" rep- 
resents the sector. T represents the frame, "u" represents the segment "v" represents the data (bytes), and "w" repre- 
sents the channel after modulation. In addition, a DCC channel or the like for appending a DCC code to the control of 
DC components In the (1 . 7) modulation system by each DC confrol cell (DCC) may be provided. 

25 [01 1 6] The conf iguratk>n of recoiding/reproduction data on the disc is shown in Rg.27. As shown in Rg.27, a frame 
sync part FS is appended to the header of a channel string on the frame (channel) basis. Also, ARC and VFO parts are 
appended to the header of every 60 frames (channels) and a postamble PO is appended to the last part, thus consti- 
tuting one sector. In this case, ARC is a light-emitting pattern area for controlling the recording laser power at the time 
of recording. VFO is a pattem area for applying PLL for dock extraction at the time of reproduction. As the frame sync 

30 part FS, a unique pattern for realizing channel synchronization, which does not appear in the nrxxJulatlon rule, is used. 
In this embodiment, as the frame sync FS. the frame sync FSO indicating the header of the sector is discriminated from 
the other frame sync parts FS1 . However, a sector sync part SS may be inserted between VFO and FS. 
[0117] In this ECC bkxk, the following structure is employed. 

35 number of sectors = 16, number of frames - 60, frame length - 79 bytes 
code length = 237. interleave length ^ 320 
sector ID = 20, k = 1 

segment length 1 , p = 20, number of sub-sectors = 320 

40 Thus, in realizing con-espondence of the data position on the disc to the data position on the ECC block, the con-eclion 
code position is updated for each segment, that is, for each byte while the interleave rule is met. By doing so. the one- 
to-one correspondence between the data on the disc and the data on the ECC t)Iock can be realized. 
[0118] The frame structure within the ECC block is shown in Rg.28. 

[0119] In the ECC block shown in Fig.25, the direction o1 data on the disc is provided by the rising order of B(s, t. 
45 u. v), that is. by the arrangement numbers from the upper position to the lower position in the order of s. t. u and v. The 
relation between D(l, j) and B(s, t. u. v) is expressed by the following equatton. 

B(s, t, u, V) = D(i, i) 

= D([((((60xs)+t)x79+u)x1+v)/1]%237, ((((60xs)+t)+t)x79+u)x1+v)%320) 

50 

[0120] By this arrangement, the one-to-one correspondence between the data of one btock on the disc and the 
entire data on the ECC block can be realized while the interleave rule is met In this case, the header, that is, sector ID 
corresponds to the first one word of information words of all the correction codes, and the user data corresponds to the 
second and subsequent words of information words of all the correction codes. Therefore, the direction of user data can 
SS be made equal to the direction of correction codes without being disturbed by the header. 

[0121] The arrangement of data units within the ECC block and the structure of data units are shown in Rg.29. 
H(g,h) is header information, that is. sector ID infbrmation. R(g. h) is 20-byle information at the leading part of each data 
unit. U(g. h) is user data. E(g. h) is an error detection code (EDO) of the user data, "g** is the number of data units, and 
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"h" is the number of data. 

[0122] The arrangemenl in which the direction of the user data U(g. h) is made equal to the direction of the error 
detection codes E(g, h) is expressed by the following relational expressions between D(l, j) and R(g, h), U(g, h), E(g, h), 

5 R(ah) = DO.D 

» D({h%2Q6)+1, 20xg+Ih/206]) 
= D(h+1.20xg) 

where h is 0 to 19 and g is 0 to 15 

10 

U(g. h) = D(i. j) 

= D(((20+h)%206)+1. 20xg+[(20+h)/206]) 
where li is 0 to 4095 and g is 0 to 15 

15 

=^{(^Tl 6+hil%206)+1 , 20 xg+[(41 1 6+h)/206]) 

where h is 0 to 3 and g is 0 to 15 
20 [01 23] As for the header information H(g, h), the following relation expression is obtained. 

H(g.h) = D(i,i) 

= DfO. (((20xg+h)/1)x237+((20xg+h)%1))%320) 
= D(0. ((20xg+h)x237%320)) 

where h is 0 to 19 and g is 0 to 15 
[0124] Thus, in the ECC blocl< shown in Rg.25, the number of user data within the ECC block is 64 KB and the 
number of constituent sectors is 16. The leading data of the frame are dispersed to 320 positions unHormly for each 
code. The sector ID is dispersed for each byte. 

[01 25] In the ECC block shown in Rg.25, the number of sub-sectors is 320 and the leading data of the frame is dis- 
persed at 320 positions uniformly for each code. However, in an ECC k>lock having the number of sub-sectors equal to 

160 and having a structure such that 

number of sectors = 16, number of frames = 60. frame length = 15S bytes 
35 code length = 237. interleave length » 320 
sector ID = 20, k = 1 

segment length = 1 , p = 20, number of sub-sectors = 160, 

the number of user data within the ECC block is 64 KB and the number of constituent sectors is 16. The leading data 
40 of the frame are dispersed to 1 60 positions at every two codes. Thus, the sector ID is dispersed for every byte. 

[0126] Although the number of sectors is 16 in the ECC block shown in Fig.25. the number of sectors can be 
changed. 

[01 27] For example, in an ECC block having the number of sectors equal to 32 and having a structure such that 

45 number of sectors = 32, nurri^er of frames = 30, frame length = 79 bytes 
code length = 237, interleave length = 320 
sector IDs 10, k-1 

segment length s i . p = io. number of sub-sectors = 320. 

50 the number of user data within the ECC block is 64 KB and the number of constituent sectors is 32. The leading data 
of the frame are dispersed to 320 positions uniformly for each code. Thus, the sector ID is dispersed for every byte. 
[01 28] Alternatively, in an ECC block having the number of sectors equal to 64 and having a structure such that 

number of sectors = 64, number of frames = 15, frame length = 79 bytes 
55 code length = 237, interleave length = 320 
sector ID B 5, k ° 1 

segment length - 1 . p = 5, number of sub-sectors = 320. 
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the number o1 user data within the ECC block is 64 KB and the number of constituent sectors is 64. The leading data 
o1 the frame are dispersed to 320 positions unilormly lor each code. Thus, the sector ID is dispersed lor every byte. 
[0129] Moreover, in the ECC block shown in Rg.25, the number of user data within the ECC block is 64 KB. How- 
ever, in an ECC block having a structure such that 

5 

number of sectors = 16, number of frames » 30, frame length o 79 bytes 
code length = 237. interleave length = 160 
sector ID » 10, k - 1 

segment length = 1 , p s io, number of sub-sectors = 160. 

10 

the number of user data within the ECC block is 32 KB and the number of constituent sectors is 16. The leading data 
of the frame are dispersed to 160 positions uniformly for each code. Thus, the sector ID is dispersed for every byte. 
[013Q] Also, by using a disc fomiat such that when the code length is divisible by q (where q » number 
of subblocks: natural number}, {{code length/q} x interleave length}/{segment length x number of sub-sectors} 
15 %number of sub-sectors (where % indicates modulo) and the number of sub-sectors are prime numbers, respectively, 
correction incapability due to concentration of data of a specified positk)n within the frame to a specified code can be 
avoided. 

[0131] Specifically, for example, an ECC block in which the code length obtained by binding and blocking codes of 
208 infbrmation words and 30 parity words for 320 lines is 238 (208 information words and 30 parity words) and in which 
20 the interleave length is 320, as shown in Fig.30A, is constituted by two subblocks as shown in Fig.30B. The frame struc- 
ture of the data of the ECC block is shown in Fig.31A. As shown in Fig.31 A, the number of data of one frame is 119 
bytes, and is modulated to 1428 channels by (1. 7) modulation as shown in Fig.31 B. 

[0132] In the frame structure shown in Figs.31 A and 31 B, B(s, t, u, v) is modulated to m(s, t, u, w), where "s" rep- 
resents the sector. T represents the frame, "u" represents the segment "v" represents the data (bytes), and "w" repre- 
ss sents the channel after modulatfon. In addition, a DCC channel or the like for appending a DCC code to the control of 
DC connponents in the (1 , 7) modulation system by each DC control cell (DCC) may be provided. 
[0133] The configuration of recording/reproduction data on the disc is shown in Fig.32. As shown in Fig.32, a frame 
sync part FS is appended to the header of a channel string on the frame (channel) basis. Also, ARC and VFO parts are 
appended to the header of every 40 frames (channels) and a postamble PO is appended to the last part, thus consti- 
30 tuting one sector. In this case, APC is a light-emitting pattern area for controlling the recording laser power at the time 
of recording. VFO is a pattern area for applying PLL for clock extraction at the time of reproduction. As the frame sync 
part FS, a unique pattern for realizing channel synchronization, which does not appear in the modulation rule, is used. 
In this embodiment, as the frame sync FS, the frame sync FSO indicating the header of the sector is discriminated from 
the other frame sync parts FSI . IHowever. a sector sync part SS may be inserted between VFO and FS. 
35 [0134] In this ECC block, the following structure is employed. 

number of sectors = 16, number of frames « 40, frame length = 1 19 bytes 
code length = 238. interleave length = 320 
sector ID a 20, k s 2 
40 segment length - 1 , p o 20, number of sub-sectors « 320 
number of subblocks = 2 

Thus, in realizing correspondence of the data position on the disc lo the data position on the ECC block, the correction 
code position is updated for each segment, that is, for each byte while the interleave rule is met. By doing so, the one- 
45 to-one con'espondence between the data on the disc and the data on the ECC block can be realized. 
[0135] The frame structure wrthin the ECC block is shown in Rg.33. 

[0136] In the ECC block shown in Fig.30B, the direction of data on the disc is provided by the rising order of B(s, t, 
u, v), that is, by the arrangement numbers from the upper position to the lower position in the order of s. t u and v. The 
relation between D(i. j) and B($. 1, u, v) is expressed by the following equatk)n. 

50 

B(s, t, u,v) = D(i,j) 

= D([((((40xs)+t)x119+u)x1+v)/1]x2+[s/8]%238, ((((40xs)+t)+t)x119+u)x1+v)%320) 

[0137] If the block is not divided into subblocks, {code length x interleave !ength}/{segment length 
SB X sub-sector length}%number of sut>sectors = 238 and the number of sub-sectors equal to 320 are not prime num- 
bei3 with respect to each other. However, if the block is not divided into subbbcks, {{code length/q (where q is the 
nun^er of subblocks: natural number)} x interleave length}/[segment length x number of siib-sectors}%number 
of sub-sectors = 119 and the number of sub-sectors equal to 320 are prime numbers with respect to each other. By 
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continuously arranging the sub-sectors on the disc, the one-to-one correspondence between the data of one block on 
the disc and the entire data on the ECC btock can be realized while the interleave rule is met. In this case, the header, 
that is, sector ID corresponds lo the first two words of inlormation words o1 all the correction codes, and the user data 
corresponds to the third and subsequent words of inlormation words of all the con-ecdon codes. Therefore, the direction 
5 of user data can be made equal lo the direction of connection codes without being disturbed by the header. 

[01 38] The arrangement of data units within the ECC block and the structure of data units are shown in Fig.34. H(g, 
h) is header information, that is, sector ID information. R(g. h) is 20-byte information at the leading part of each data 
unit. U(g, h) is user data. E(g, h) is an enor detection code (EDO) of the user data, "g" is the number of data units, and 
"h" is the number of data. 

10 [01 39] The arrangement in which the direction of the user data U(g, h) is made equal to the direction of the error 
detection codes E(g, h) is expressed by the following relational expressions between D(i, j) and R(g. h), U(g, h), E(g, h). 

R(g.h] = D(i.n 

rD(rh%206)+2. 20xg+[h/206]) 
,5 = D(h+2, 20xg) 

where h is 0 to 19 and g is 0 to 15 

U(g.h) = D(i,D 

20 o D({(20+h)%206)-i-2, 20 xg+[(20-hh)^06]) 

where h is 0 to 4095 and g is 0 to 15 

E(g. h)«D{i,n 

25 = D(((41 1 6+h)%206)+2. 20 xg+[(41 1 6+h)/Z06D 

where h is 0 to 3 and g is 0 to 15 
[0140] As lor the header information H(g, h), the following relation expression is obtained. 

^0 H(g.h) = D(i.j) 

= D([g/8]. (((40xg+h)/l)xl19+((40xg+h)%1))%320) 
- 0\lm ((40xgih)xil9%326)) ^ ' " 

where h is 0 to 39 and g is 0 to 15 
35 [0141] Thus, in the ECC block shown in Rg.30B, the number of user data within the ECC bkxk is 64 KB and the 
number of constituent sectors is 16. The leading data of the frame are dispersed to 320 positions uniformly for each 
code. The sector ID is dispersed for each byte. 

[0142] As is clear from the above description, according to the present invention, data recording/reproduction is 
can-led out in a format such that interleave processing is performed on en-or correction codes so as to collectively block 

40 the error connection codes inio an error correction unit and that the input/output order of user data in an ECC block as 
an error correction unit is made coincident with the direction of processing off the en-or con'ection codes. Thus, coding 
can be started at the time when necessary data for generating one code is transmitted, without waiting for transmission 
of data for one ECC block Also, transnnission of user data can be started at the time when correction of one code is 
completed, without waiting for completion of correction operation for one ECC block. Therefore, the fixed delay at the 

45 time of recording/reproduction can be significantly reduced. Also, a margin can be provided lor data processing in 
reproduction and recording, or the buffer menrwry can be reduced by reducing the total data processing time. In addi- 
tion, since the direction of correction codes is the same as the direction of user data, no memory for rearrangement of 
data is required and the hardware structure can be minimized. Moreover, since less data transmission/reception takes 
place between the buffer memory and the external device, bus arbitration can be easily canied out. 

so [0143] Thus, the present invention can provide an optk»l disc recording/reproducing method, an optical disc and 
an optical disc devrce for recording/reproducing data in a disc format such that the fixed delay at the time of record- 
ing/reproduction can be reduced. 

[01 44] Also, according to the present invention, data recording/reproduction is earned out, for example, in a disc for- 
mat such that the ECC block is constituted by one or more sectors, the sector is constituted by a plurality of frames, the 
65 block length of the ECC block is expressed by the following equation, 

block length = number of sectors x number of frames x frame length 
« code length x interleave length 
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the number of eub-eectors is expressed by the following equation, 

number of sub-sectors ° number of sectors x p 

5 (where p = number of segments: natural number) 

and {code length x interleave length}/{segment length x number of suk>- sectors}%number o1 sub-sectors (where % 
indicates modulo) and the number of sub-sectors are prime numbers, respectively. Thus, correction incapability due to 
concentration o1 data of a specified position within a frame to a specified code can be avoided, and Ngher resistance 
to errors generated by bit slip can be obtained. 

10 [0145] Also, according to the present invention, data recording/reproduction is candied out, for example, in a disc for- 
mat such tat the ECC block is constituted by one or more sectors, the sector Is constituted by a plurality ol frames, the 
block length of the ECC block is expressed by the following equatioa 

block length = number of sectors x number of frames x frame length 
15 = code length x interleave length 

the number of sub-sectors is expressed by the following equation. 

number of sub-sectors = number of sectors x p 

(where p = number of segments: natural nunnber) 
and when the code length is divisible by q (where q = number of subblocks: natural number), 
{{code length/q} x interleave length}/{segment length x number of sub- sectors}%number of sub-sectors (where % 
indicates modulo) and the number of sub-sectors are prime numbers, respectively Thus, correction incapability due to 
25 concentration of data of a specified position within a frame to a specified code can be avoided, and Ngher resistance 
to errors generated by bit slip can be obtained. 

[0146] Moreover, according to the present invention, data recording/reproduction is carried out, lor example, in a 
disc format such that the ECC block is constituted by one or more sectors, the sector is constituted by a plurality of 
frames, the block length of the ECC block is expressed by the following equation. 

30 

block length « number of sectors x number of frames x frame length 
= code length x interleave length 

a sector ID is provided holding the following relations. 

35 

sector ID length x number of sectors = interleave length x k 

(where kis a natural number) 

40 sector ID length a segment length x p 

(where p = numt^r of segments: natural number) 
and (code length x interleave l«iglh}/{segment length x number of 8ectors)%number of sectors (where % indicates 
modulo) and the number of sectors are prime numbers, respectively Thus, conection incapability due to concentration 
45 of data of a specified position within a frame to a specified code can be avoided, and hi^er resistance to en-ors gener- 
ated by bit slip can be obtained. 

[0147] Thus, the present invention can provide an optical disc recording/reproducing method, an optical disc and 
an optical disc device for recording/reproducing data in a disc format such that correction incapability due to concentra- 
tion of data of a specified position wHhin a frame to a specified code can be avoided. 

60 

1 . An optical disc recording/reproducing method for carrying out data recorcfing/reproduction in a disc format such that 
enor correction codes irrterleaved with respect to the direction of data on a disc are collectively blocked into an enor 

66 correction unit and that the input/output order of user data in an ECC block as an error con'ectk>n unit is made ooln- 
cidenl with the direction of processing of the en-or conection codes. 

2. The optical disc recording/reproducing method as claimed in claim 1 . wherein data recorcfing/reproduction is car- 
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ried out in a disc format such that the ECC block is constituted by one or more sectors, the sector is constituted by 
a plurality of frames, the block length of the ECC block is expressed by the following equation, 

block length = number of sectors x number of frames x frame length 
= code length x interleave length 

the nunfiber of sub-sectors Is expressed by the following equatk>n, 

number of sub-sectors = number of sectors x p 

(where p = number of segments: natural number) 
and {code length x interleave length}/{segment length x number of sub- sectois}%number of sub-sectors 
(where % indicates moduk>) and the number of sub-sectors are prime numbers, respectively. 

3. The optical disc recording/reproducing method as claimed in claim 2, wherein data recording/reproduction is car- 
ried out in a plurality of disc formats having different ECC block sizes in accordance with the setting of the number 
of sectors and interleave length. 

4. The optical disc recording/reproducing method as claimed in claim 2, wherein data recording/reproduction is car- 
ried out in a disc format such that the number d data within the segment is smaller than the number of data within 
the frame and that the correction code position is updated for each segment while the interleave rule is met in caus- 
ing the data position on the disc to correspond to the data position on the ECC block 

5. The optical disc recording/reproducing m^od as claimed in claim 4, wherein data recording/reproduction is car- 
ried out in a disc format such that the correction code positk>n is updated by one byte. 

6. The optical disc recording/reproducing method as claimed in claim 2, wherein data recording/reproduction is car- 
ried out in a disc format such that the ECC block is constituted by one or more sectors, the sector Is constituted by 
a plurality of frames, the block length of the ECC block is expressed by the following equation, 

block length » number of sectors x number of frames x frame length 
o code length x interleave length 

and a sector ID is provided hoMing the following relation. 

sector ID length x number of sectors = interleave length x k 

(where k is a natural number} 

7. The optical disc recording/reproducing m^hod as claimed in claim 6, wherein data recording/ireproduction is car- 
ried out in a disc format such that the number of data within the segment is smaller than the number of data within 
the frame and that the correction code position is updated for each segment on the basis of sector ID length as a 
unit while the interieave rule is nrvet in causing the data position on the disc to correspond to the data position on 
the ECC block. 

8. The optical disc recording/reproducing method as claimed in claim 6, wherein data recording/reproduction is car- 
ried out in a plurality of disc formats having different ECC block sizes in accordance with the setting of the number 
of sectors and interleave length. 

9. The optical disc recording/reproducing method as claimed in claim 6. wherein disc recording/reproduction is car- 
ried out in a disc format such that the sector ID length is expressed by the following equation. 

sector ID length = segment length x p 

(where p s number of segments: natural number) 

10. The optical disc recording/reproducing method as claimed in claim 9, wherein data recording/reproduction is car- 
ried out in a disc format such that {code length x interieave length}/{segment length x number of 
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8ector8)%number or sectors (where % indicates modulo) and the number oi sectors are prime numl;>ers, respec- 
tively. 

1 1 . The optical disc recordingyj^eproducing method as claimed in claim 1 0, wherein data recordingA-eproduction is car- 
ried out in a disc format such that the number of sectors is 2" and that {code length x interleave length}/{sector 
ID length x number of sectors} is an odd number. 

12. The optical disc recoiding/reproducing method as claimed in claim 1, wherein data recording/reproduction is car- 
ried out in a disc format such that the ECC block is constituted by one or more sectors, the sector is constituted by 
a plurality of Irames. the block length of the ECC block is expressed by the following equation, 

block length » number o1 sectors x number o1 frames x frame length 
o code length x interleave length 

the number of sub-sectors is expressed by the following equation, 

number of sub-sectors = number of sectors x p 

(where p = number of segments: natural number} 
and when the code length is divisible by q (where q - number of subblocks: natural number), 
{{code length/q} x interleave length}/{segment length x number of sub- sectors)%numb6r of sub-sectors (where 
% indicates modulo) and the number of sub-sectors are prime numbers, respectively 

13. The optical disc recording/reproducing method as claimed in claim 12. wherein data recording/reproductk)n is car- 
ried out in a plurality of disc formats having different ECC block sizes in accordance with the setting of the number 
of sectors and interleave length. 

14. The optical disc recording/reproducing method as claimed in claim 12, wherein data recording/reproduction is car- 
ried out in a disc format such that the number of data within the segment is smaller than the number of data within 
the frame and that the correction code position is updated lor each segment while the interleave rule is met in caus- 
ing the data position on the disc to con^espond to the data position on the ECC block. 

15. The optical disc recording/reproducing method as claimed in claim 14, wherein data recording/reproductk)n is car- 
ried out in a disc formal such that the correction code position is updated by one byte. 

1 6. An optical disc having a disc format such that error correction codes interleaved with respect to the direction of data 
on a disc are collectively blocked into an error correction unit and that the input/output onder of user data in an ECC 
block as an error correction unit Is made coinckient with the direction of processing of the en'or correction codes. 

17. The optical disc as claimed in claim 16, having a disc format such that the ECC block Is constituted by one or more 
sectors, the sector is constituted by a plurality of frames, the block length of the ECC bfock is expressed by the fol- 
lowing equation, 

block length = number of sectors x number of frames x frame length 
= code length x interleave length 

the number of sub-sectors is expressed by the following equation, 

number of sub-sectors = number of sectors x p 

(where p = number of segments: natural number) 
and {code length x interleave length}/{segment length x number of sub- sector8}%number of sub-sectors (where 
% indicates modulo) and the number of sub-sectors are prime numbers, respectively. 

18. The optical disc as claimed in claim 1 7, having a plurality of disc formats having different ECC block sizes in accord- 
ance with the setting of the number of sectors and interleave length. 

19. The optical disc as claimed in claim 1 7. having a disc format such that the number of data within the segment is 
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smaller than the number of data within the frame and that the correction code position is updated for each segment 
while the interleave rule is met in causing the data position on the disc to correspond to the data position on the 
ECC block 

5 20. The optical disc as claimed in daim 19. having a disc formal such that the correction code position is updated by 
one byte. 

21. The optical disc as claimed in claim 17, having a disc format such that the ECC block is constituted by one or more 
sectors, the sector is constituted by a plurality of frames, the blodi length of the ECC block is expressed by the lol- 

10 lowing equation. 

block length a number of sectors x number of frames x frame length 
» code length x interleave length 

15 and a sector ID is provided holding the following relation. 

sector ID length x number of sectors = interleave length x k 

(where k is a natural number) 

20 

22. The optical disc as claimed in claim 21 , having a disc formal such that the number of data within the segment is 
smaller than the number of data within the frame and that the correction code position is updated for each segment 
on the basis of sector ID length as a unit while the inlerleave rule is met in causing the data position on the disc to 
correspond to the data position on the ECC block. 

25 

23. The optical disc as claimed in claim 21 . having a plurality of disc formats having different ECC block sizes In accord- 
ance with the setting of the number of sectors and interleave length. 

24. The optical disc as claimed in daim 21 , having a disc format such that the sector ID length is expressed by the Id- 
30 lowing equation. 

sector ID length = segment length x p 
(where p = number of segments: natural number) 

36 

25. The optical disc as claimed in claim 24. having a disc formal such that {code length x interleave 
Ieng1h}/{segment length x number of sectors}%number of sectors (where % indicates moduto) and the number of 
sectors are prime numbers, respectively. 

40 26. The optical disc as claimed in claim 25, having a disc format such that the number of sectors is 2" and that 
{code length x interleave length}/{sector ID length x number of sectors} is an odd number. 

27. The optical disc as claimed in claim 1 6. having a disc format such that the ECC block is constituted by one or more 
sectors, the sector Is constituted by a plurality of frames, the bfock length of the ECC block is expressed by the fd- 
46 lowing equation. 

block length = number of sectors x number of frames x frame length 
= code length x interleave ler^gth 

so the number of sub-sectors is expressed by the folkawing equatk)n. 

number of sub-sectors = number of sectors x p 

(where p = number of segments: natural number) 
55 and when the code length is divisible by q (where q = number of subblocks: nahjral number), 
{{code length/q) x interleave length}/{segment length x number of sub- sectors}%number of sub-sectors (where 
% indk^ates modufo) and the number of sub-sectors are prime numbers, respectively. 
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28. The optical disc as claimed in claim 27, having a plurality of disc formats having different ECC block sizes In accord- 
ance with the setting of the number of sectors and interleave length, 

29. The optical disc as claimed in claim 27, having a disc format such that the number of data within the segment is 
smaller than the number of data within the frame and that the conrection code position is updated for each segment 
while the interleave rule is met in causing the data position on the disc to correspond to the data position on the 

ECC block. 

30. The optical disc as claimed in claim 29. having a disc format such that the correction code position is updated by 
one byle. 

31. An optical disc device comprising recording/reproducing means for carrying out data recording/reproduction in a 
disc format such that en'or con-ection codes interleaved with respect to the direction of data on a disc are collec- 
tively blocked into an en^or correction unit and that the input/output order of user data in an ECC block as an en^or 
con'ectbn unit is made coincident with the direction o1 processing of the en^or con'ectk>n codes. 

32. The optical disc device as claimed in claim 31, wherein the recording/reproducing means carries out data record- 
ing/reproduction in a disc format such that the ECC fc>k>ck is constituted by one or more sectors, the sector is con- 
stituted by a plurality of frames, the block length of the ECC block is expressed by the following equation. 

block length = number of sectors x nunft)er of frames x frame length 
= code length x interleave length 

the number of sub-sectors is expressed by the following equation, 

number of sub-sectors = number of sectors x p 

(where p = number of segments: natural number) 
and {code length x Interleave length}/(segment length x number of sub- sectors)%numb6r of sub-sectors (where 
% indicates modulo) and the number of sub-sectors are prime numbers, respectively. 

33. The optical disc device as claimed in claim 32, wherein the recording/reproducing means carries out data record- 
ing/reproduction In a plurality of disc formats having different ECC block sizes In accordance with the setting of the 
number of sectors and interleave length. 

34. The optical disc device as claimed in claim 32, wherein the recording/reproducing means carries out data record- 
ing/reproduction in a disc formal such that the number of data within the segment is smaller than the number of 
data within the frame and that the correction code position is updated for each segment while the interleave rule is 
met in causing the data position on the disc to correspond to the data position on the ECC block. 

35. The optical disc device as claimed in claim 34, wherein the recording/reproducing means carries out data record- 
ing/reproduction in a disc format such that the correction code position is updated by one byte. 

36. The optical disc device as claimed in claim 32, wherein the recording/reproducing means carries out data record- 
ing/reproductk>n in a disc forniat such that the ECC bk>ck is constituted by one or more sectors, the sector is con- 
stituted by a plurality of frames, the block length of the ECC block is expressed by the following equation, 

block length » number of sectors x number of frames x frame length 
= code length x interleave length 

and a sector ID is provided hokJing the following relation. 

sector ID length x number of sectors = interleave length x k 

(where k Is a natural number) 

37. The optical disc device as claimed in claim 36, wherein the recording/reproducing means canries out data record- 
ing/reproduction in a disc format such that the number of data within the segment is snnaller than the number of 
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data within the frame and that the correction code position is updated for each segment on the basis of sector ID 
length as a unit wNle the interleave rule is met in causing the data position on the disc to correspond to the data 
position on the ECC block. 

5 38. The optical disc device as claimed in dalm 36. wherein the recording/reproducing means can'ies out data record- 
ing/reproduction in a plurality of disc formats having different EGG block sizes in accordance with the setting of the 
number of sectors and interleave length. 

39. The optical disc device as claimed in daim 36. wherein the recording/reproducing means candies out disc record- 
10 ing/reproduction in a disc fomiat such that the sector ID length is expressed by the fbllowing equation. 

sector ID length = segment length x p 

(where p = number of segments: natural number) 

The optical disc device as claimed in claim 39, wherein the recording/reproducing means carries out data record- 
ing/reproduction in a disc format such that {code length x interleave length}/{segment length x number of 
sector5}%number of sectors (where % indicates modulo) and the number of sectors are prime numbers, respec- 
tively. 

The optical disc device as claimed in claim 40. wherein the recording/reproducing means carries out data record- 
ing/reproduction in a disc format such that tiie number of sectors is 2" and that {code length x interleave 
length}/{sector ID length x number of sectors} is an odd number. 

25 42. The optical disc device as claimed in daim 31 , wherein the reconding^reproducing means canies out data record- 
ing/reproduction in a disc format such that the EGO block is constituted by one or more sectors, the sector is con- 
stituted by a plurality of frames, the block length of the ECC block is expressed by the following equation, 

block length = number of sectors x number of frames x frame length 
30 " code length x interleave length 

the number of sub-sectors is expressed by the following equation, 

number of sub-sectors = number of sectors x p 

(where p = number of segments: natural number) 
and when the code length is divisible by q (where q = number of subblocks: natural number), 
{{code length/q) x interleave length}/{segment length x number of sub- sectors}%numb6r of sub-sectors (where 
% indkiates modulo) and the number of sub-sectors are prime numbers, respectively. 

The optical disc device as claimed in daim 42, wherein the recording/reproducing means carries out data record- 
ing/reproduction in a plurality of disc formats having different ECC block sizes in accordance with the setting of the 
number of sectors and interleave length. 

46 44. The optk;al disc device as daimed In daim 42. wherein the recording/reproducing means carries out data record- 
ing/reproduction in a disc format such that the number of data within the segment is smaller than the number of 
data within the frame and tiiat the correction code position is updated for each segment while the interleave rule is 
met in causing the data position on the disc to correspond to the data position on the ECC block. 

so 45. The optical disc device as claimed in daim 44. wherein the recording/reproducing means carries out data record- 
ing/reproduction in a disc format such that tiie correction code position is updated by one byte. 



65 



15 



40. 



20 



41. 



3S 



40 

43. 



23 



EP0992994A1 



DIRECTION OF DATA ON DISC 
DIRECTION OF USER DATA 



KKIines) 



0 1 2 



9 



0 

1 

2 

3 

4 

S 

6 

7 

8 

9 

10 

11 

12 

13 



CODE 



INFORMATION 
104 WORDS 







1 




1 — 




EDC 




1 




I 





99 

100 

101 

102 

103 



104 
105 
106 
107 
108 
109 



115 
116 
117 
118 
119 



PARITY 

16 
WORDS 



FIG.1 

24 



EP 0992 994 A1 



302- 



MEMORY 
SPACE 



T— T 



301- 

APPUCATION 



ARBITER 



4 



ECC 



3^ 



FIG.2A 



CPU 



MODULATOR 



302- 



MEMORY 
SPACE 



301- 
DEMODULATOR 



ARBfTER 



ECC 



CPU 



APPLICATION 



FIG.2B 



25 



EP0 992 994A1 




EP 0 992 994 A1 



DIRECTION OF DATA ON DISC 



10(lines) 



0 1 2 



9 



0 

1 

2 

3 

4 

S 

6 

7 

8 

9 

10 

11 

12 

13 



DIRECTION OF 
USER DATA 



CODE 



INFORMATION 
104 WORDS 



99 

100 

101 

102 

103 

'104 

105 

106 

107 

108 

109 



115 
116 
117 
118 
119 



PARITY 
16 WORDS 



FIG.4 

27 



EP 0 992 994 A1 




28 



EP0 992 994A1 



320(Hn«s) 



D(0.0) 0(0^19) 



206 words 
(Information words) 



i 



0(205.0) 0(205.319) 



i 

29 words 
(parity words) 



DO, J) 



FIG.6 



29 



EP 0 892 994 A1 



1W bytes 

j 



se9frant4 



B(0j0(4S,19) 



sector frame 



s : sectPf 
t : frame 
u : segment 
V : byta 



0 
0 



15 
15 



0 
1 
2 
3 
4 
5 



44 
45 
46 



FIG.7A 



eegmemo* 
240 



240 chanfiels(^DCCC) 



1200 j^cc) 

rsegmeffi^^ 

I 1 

r 



eeginent4 



|rfi(0>1,46,0^ SiWif&M?! 



sector frame 



L 



m(s,t,u,v) 



s : 
t ; 
u : 

w: channel 



0 
0 



15 
15 



0 
1 
2 
3 
4 
5 



44 
45 
46 



FIG.7B 



30 



EP 0992 994 A1 



APC VFO 



RIAME(ehanneO 



(APC 



VFO 


FS1 


[m(0,0,0,Q) 




FSO 


m(0,0,0.0) 










FSO 






FSO 






FSO 






FSO 






FSO 






FSO 






FSO 


m<0,45,0,0) 




FSO 


m<0.46,0.0) 


VFO 


FS1 


m{1 ,0,0,0) 




FSO 


md ,1,0,0) 










FSO 






FSO 






FSO 






FSO 






FSO 






FSO 






FSO 


ni(1.45,0,0) 




FSO 


m(l,46,0.0) 


VFO 


FS1 


in(2,0,0,0) 




FSO 


n>(2.1.0,0) 




1 1 
























[^] 


















lid! 


in(14,45,0,0) 






m<14,46,0,0) 




mM 


fn(1S,Q,0,0) 




m<15,1,0.0) 


I 1 

1 1 










































m<1S,45.0,0) 




1^ 


m(1 5,46,0,0) 



m<0>0,4>239) 
m(0,1,4,239) 



POj sector frame 



m(0,4S,4,239) 
m(0,46,4,239) 



mp ,0,4^39) 



m(l,45,4;239) 



m(2,0,4,239) 



m(2,1,4,230) 



m(14,4S,4,239) 



m(14,46,4j39) 



m(1S,0,4j3S) 



m(1S.1A239) 



m 



15 



mi 



ml 



15,46,4,239) 
15.46,4,239) 



0 

1 

2 

39 
40 
41 
42 
43 
44 
45 
46 
0 
1 
2 

38 
40 
41 
42 
43 
44 
45 
46 
0 
1 
2 

39 
40 
41 
42 
43 
44 
45 
46 

0 

1 



39 
40 
41 
42 
43 
44 
45 
46 



FIG.8 



31 



EP0 992 994A1 



APC VFO 



ARC VFO 



-FSl^ 



FRAME (Channel} 



FS1 



FSO 



S 0,0.0,0) 
0,0,0,0^ 



[aPC VFO 



VFO 









FSO 




FSO 




FSO 




FSO 




FSO 




FSO 




FSO 




[0,46,0,0) 


FSO 




0.49,0^ 


VFO 


FS1 


m 


1A0,0 


\ 




FSO 


nH 


1,1 AO 

























[SlMiHHi 




















lFSO|m(2.1,0,0> 




1 1 

1 1 


































|FS1 Im(15t0,0,0) 




^5lm(15,1,0.0> 



























HHHHHMHHHHillll 











m 



POj sector frame 

0 0 
1 
2 




1 



mC2.0.4,239) 



in(2.1.4.239) 




39 
40 
41 
42 
43 
44 
45 
46 
0 
1 
2 



40 
41 
42 
43 
44 
45 
48 

2 0 
1 
2 

39 
40 
41 
42 
43 
44 
45 
46 

15 0 
1 
2 



40 
41 
42 
43 
44 
45 
46 



FIG.9 

32 



EP 0 992 994 A1 



320(llnM) 




FIG.10 



33 



EP 0 992 994 A1 



jiiHttSii)! 



I 

o 

s 



206 wonts 
(Information wordfi) 



c 



J 1 



29 word* 
(pvftywofifs) 



f 

S 



FIG.11 

34 



EP0992 994A1 



Header 
20 




U«er DaU 
4096 




EDC data unit 
4 


mjOi H(0.19) 


+ 


uro.o> 


U{0.4095) 




mM H(1.19> 






U(1.4095) 




1 H 


t 

i 

i 




} 

'1 1 





















FIG.12 



35 



EP 0 992 994 A1 



10 (lifws) 



B(x,O.0,0) - B(x,0,0,19) 

I B(x,0,1,0) - B(x,0,1,19) 

B(x,0,2.0) - B(x,0,2.19) 

B{x,OAO) - B(x,0^,19) 

B(K,0AO) - B(x,0.4,19) 

B(x.1,0.0) - B(x.1,0,19) 

B(x,1,1.0) - B(x,1.1,19) 

B(x.1.2.0) • B(X,1A19) 

I 

i 
1 

} 



206 words I 
(information words) 









29 words 








(parity wonis) 


















a(X,46^,0} 




! 
) 









FIG.13 



36 



EP0 992 994A1 



] 50 bytes 


segment 0 
iOtyytes 


1 segment 1 

i 


m&m 

mim. 


...„..ji?;?.A.?UB.cqM^ 

--„..»[5JA«li.B(9.1r.l.91 

i 




\ 


_ . . A „ 




^ — 



iMgnient4 



«iBiftou«6,.o) mm^j, 

t 



sector frame 



B(e,t^,v) 



s : sector 
t : frame 
u : segment 
V : byte 



FIG.14A 



0 
0 



31 
31 



0 
1 
2 
3 
4 
5 



44 
45 
46 



600 Channels (♦DCCC) 



segment 0 

120 channels (44M:cq 



!S!9M&1 

m(0y1,0,0) 



m{31,46A0) mOl^;o,119>!mf31,46.1.0> 



segment 4 



m(0,0,46,119) 

^ ^ •l«MM*f •■•IIH«<*>»fct 



sector frame 



m(31.46,4,0) m(3t,46,4,119) 



m(s,t,u,v) s : \ 

X : frame 
u : segment 
w : channel 



0 
0 



31 
31 



0 
1 
2 
3 
4 
5 



44 
4S 
46 



FIG.14B 



37 



EP0d92 994 A1 



APC VFO 



FRAME (channel) 



VFO 


FS1 


m{ 


0A0,0, 






FSO 


m| 


0,6.0,0 


> 



]m(1, 45,0,0) 



lAPC vroT 



|m(1,46,0 0) 
| m(2|0,0,6) 



[ FSO |mft1,0.0) 









FSO 




FSO 




FSO 




FSO 




FSO 




FSO 




FSO 


m(0,45,0,0) 


FSO 


m(0,48,0,0) 


VFO 


FS1 


m(1 ,0,0,0) 




FSO 


m(1 .1,0,0) 













FSO 




FSO 




FSO 




FSO 




FSO 




FSO 




FSO 


m(14,45,0,0) 


FSO 


m(14,46A0) 


VFO 


FS1 


m(l5,0.0,0) 




FSO 


m(15,1A0!l 






FSO 




FSO 




FSO 




FSO 




FSO 




FSO 




FSO 




15,45,0,0) 


FSO 


ml 


15.46,0,0) 



POj sector frame 



m 



msm 



I 



m(0,4S,4,1 1§y 
mfa,4*.4,1i^)' 



m(1 ,0.4,119) 



m(1. 1,4,1 19) 



m(1 ,45.4,1 19^ 
m(1.49,4,119) 



m(2A4,119) 



m(2,1,4,119) 



m(14.4S,4.119) 



m(14.46,4,119) 



m(15,0,4,119) 
m(1$,1.4,119) 



TO] 



m(1 5,46,4,1 19) IPOI 



31 



0 
1 
2 

39 
40 
41 
42 
43 
44 
45 
46 
0 
1 
2 

39 
40 
41 
42 
43 
44 
45 
46 
0 
1 
2 



40 
41 
42 
43 
44 
45 
46 
0 
1 



39 
40 
41 
42 
43 
44 
45 
46 



FIG.15 



38 



EP0 992 994 A1 



32q(|in(M) 




29 words 
(pant)r words) 



} — 



— — 







..1 ^. 



! 

t- 



1 




FIG.16 



39 



EP 0 992 994 A1 




Nnjm i Mii«.io-i») 

2 



206 words 
OnformatiOffi words) 



Sworcta 
iri^ words) 



H(x,0)-- 


H(x,1«J 


c 








I 






J 







FIG.17 



40 



EP 0 992 994 A1 




41 



EP 0 992 994 A1 




42 



EP 0 992 994 A1 




o 

CM 

d 



43 



EP 0992 994 A1 









MEMORY 







203- 
APPUCATION 



ARBITER 



ECC 



205^ 

FIG.21A 



CPU 



MODULATION 
SECTION 



204- 



MEMORY 



203- 

DEM0DULAT10N 
SECTION 



ARBITER 



ECC 



2^ 

FIG.21 B 



CPU 



APPLICATION 



44 



EP 0 992 994 A1 



320(line8) 



0(0,0) 



207 words 
(Information words) 



P(a06.0) 



0(207,0) 



28 words 
(parity words) 



0(0,319) 



0(206,319) 



D(^^19) 



0(234,319) 



0(1, D 



FIG.22 



45 



EP0 992 994 A1 



207 words 
(Informstlon words) 



U 



Swords 
(parity words) 



320(lin«s) 




-I- 

-I- 



FIG.23 



46 



EP0a92 894A1 



I20(»fi8s) I 



"r 



H(0,CH9> H(1>19) H(2,D>1ft) H(a,0>1fl) 



JS J 



207 words 
(Information words) 




Hf14,0>19> H(1S>0>19] 



9 




FIG.24 



47 



EP0 992 994A1 



320<Hnes) 



0(0.0) 



0(0.319) 



207 words 
(Infbnnatlon words) 



0(206.0) 



0(206,319) 
0(207419) 



30 words 
(parity words) 



06838.319) 



0(i.l) 



FIG.25 



48 



EP 0 992 994 A1 





79bytM 














sector 


frSIM 


BtO,0,0,01. 

BLOfJA?)- 






0 
0 


0 

1 








2 






3 






4 






5 








18 


57 








58 


M18.S9A.0I 






IS 


59 




B(s,Mi,v) 


s : sector 
t : frame 
u : sesment 
V : byte 








FIG.26A 
























«ectpr 


frame 


fj^o&m. 




mtO,0,7e.11J 


0 


0 


in(0.1.0.0) 






0 


1 






2 






3 






4 






5 



m(1S.S9,0.0) 



m(1 5,59,76,1 1) 



m(a,t,u,v) a : sector 
t : frame 
u : segment 
w: chani^ 



15 
IS 



57 
56 



FIG.26B 



49 



EP0 992 9g4A1 



APC VFO 



lAPC VFOi 



FSt fm(O.Q,o;o: 



FSO mi 



(0.0,0,0) 



m(is,sa,o,or 

|m(15,S9,O,0r 



FRAME (Gtiannel) 









CCA 




FSO 




FSO 




FSO 




FSO 




FSO 




FSO 


m(0.5BA0) 


FSO 


m(0,59,0,0) 


VFO 


FS1 


m(1.0.0.0) 




FSO 


m(1.1rO,0) 






FSO 




FSO 




FSO 




FSO 




FSO 




FSO 




rSO 




FSO 


m(1, 59,0,0) 


VFO 


FS1 






FSO 


m<2.1.0.0) 






FSO 




FSO 




FSO 




FSO 




FSO 




FSO 




FSO 


ni(1 4,58,0,0) 


FSO 


fn(1 4.59,0.0} 


VFO 


FS1 


m(t5.0,0,0) 




FSO 


m(16.1A0) 







m(0.0.78.11) 



m(0.1.78.11) 



m(0,58,78.11) 
n»(q.S9.78,11) 



ni{1,0,78,11) 



m(1 .1.78.11) 



POj sector frame 

1 

0 0 

1 

2 



52 
S3 
54 
65 
56 
57 
58 
59 
0 
1 
2 



PO 



m<1.S8. 
w(1>S9, 



78,11) 



78,11) 



m(2^.7a.11) 
m(2,1.7e. 



POl 



m(14,58.78,11) 



m(14.59,78,11) 
m(1^,0.78,1t) 



m(1S.1.78.111 



TO] 



IS 



m(15.5a,78.11) 



S2 
53 
54 
55 
56 
57 
58 
59 
0 
1 
2 

52 
S3 
S4 
55 
56 
57 
58 
59 
0 
1 
2 

82 
53 
54 
55 
98 
57 
58 
59 



FIG.27 



50 



EP 0 992 994 A1 




FIG.28 



51 



EP0992994A1 



ab(ines)T 



o 

CD 
3 



C 



207 \ 

(Information wonis) 



m 



30 words 
(parity words) 



K 



'5? 



H 

T 



FIG.29 

52 



EP 0 992 994 A1 



D(0.0) 



208 words 
(Information words) 



D(207,0) 



O(aoa»o) 



30 words 
(parity wcNrds) 



0(0.0) 



104 words 
(informstlon words) 

\ D(206,0) 

15 words 
(parity words) 



320(llnes) 



FIG.30A 

320{liiie») 



D(0,319) 



D(207^19) 



0(200,319} 



0(237.319) 



0(0,319) 



0(206,319) 
D(20Mt9} 



119 
word* 



PWaia)l 1 



0(1.0) 



104 words 
(information words) 



0(207,0) 

1 Swords 
(parity words) 



FIG.30B 



0(1.319) 



0(207,319) 



0(209,319) 



119 
words 



D(2a7jl19ll i 



53 



EP 0 992 994 A1 



119 bytes 



mfhm 



Jloj,ii5,0i. 



sector frame 



0 
0 



0 
1 
2 
3 
4 
5 



8(15,39.0.0) 



m5,39jia,o> 



B(s,ttU,v) 8 : sector 
t : frame 
u : segment 
V : byte 



15 
15 



37 
38 
39 



FIG.31A 



1428ehann«ls(«DCCC) 



sector frame 



0 
0 



0 
1 
2 
3 
4 
5 



m(15.39,0,0) 



m(15,39.118.11> 



m(s,t,u,v) s : sector 
t : frame 
u : segment 
w : channel 



15 
15 



37 
38 
39 



FIG.31B 



54 



EP0 992 d94Al 



APC VFO 




k FRAME (channel) 

f 


IAPC VFO 


FS1 


> jn(0,o,o,0) 




FSO 


ni(0,1,0,0) 






FSO 




FSO 




FSO 




FSO 




FSO 




FSO 




FSO 


m(0,3a,0,0) 


FSO 


m(0.39,0,0) 


[APC VFO 


FS1 


m(1,0,0,0) 




FSO 


nKl.lAO) 













FSO 




FSO 




FSO 




FSO 




FSO 




FSO 




FSO 


m(1,38,0,0) 


FSO 


m(1,^,0,0) 


VFO 


FS1 


m(2,0.0.0) 




FSO 


m(2.1.0,0) 













FSO 




FSO 




FSO 




FSO 




FSO 




FSO 




FSO 


m(14,38A0) 


FSO 


m(1 4,39,0.0) 


VFO 


FS1 


m(15»0,0,0) 




FSO 


nK15.1A0) 































[FSO|m(15,38,0,o: 









-»|P0| sector 
m(0,0>l 18,11) * 0 



m(0,1,11B>11) 



m 0,58,118,11) 
mk^ojtiMI) 



m(1.0,1 18,11) 



m(1,1,1ia,1lT 



m{1,S8,118,fiy 



m<1 ,59,1 18,11) 
in{2,0,118,ir 



m(2,1,11B,11] 



mi 



m(14,59,1 18,11) 



m(15,0,1 18,11) 
m(l5.1,1 18,117 



~1 



15 



m(15,58,1 18,11 
m(15,59J 18,11 



0 
1 
2 

32 
33 
34 
35 
36 
37 
38 
39 
0 
1 
2 

32 
33 
34 
3S 
36 
37 
38 
39 
0 
1 
2 

32 
33 
34 
35 
36 
37 
38 
39 
0 
1 
2 

32 
33 
34 
35 
36 
37 
38 



POl 



FIG.32 

55 



EP0992 994A1 



320(lines) 




194 words 
(tnformation 
words) 



IS words 
(parity words) 



XO(206.319){ l19 
Otaowi*) words 



1 {1X896^ 



104 words 
(information 
words) 




0(1,319) 



0(207,319)1 -119 



IS words/ 
(psrtty words) 



o(ggy.3ft)| 1 



FIG.33 



56 



EP0 992 994A1 



c 

t 



!26(iSiJ5»)1 ! ! r ! r ^ 


i 







s 



I 



206 words 
(Information words) 




FIG.34 



57 



EP 0 992 994 A1 



INTERNATIONAL SEARCH REPORT 



kitematioiul applieslian Nn. 
PCT/JP9e/05593 



A CUSSmCATION OF SUBJECT MATTCR 

Int. CI* G11B20/18, G11B20/12 

yScoordii^ to Internatiooit Pitent Qagification (IPC) or to both Mtionil ciaiifiotion tnd IPC 



B. RELPS SEARCHED 



Minimum docamemarion icaictied (daisiUctikM system Mlowpd by dasfificatiai lyiribdi) 
Int. CI' O11B20/18, G1XB20/I2 



Dacumentarian suiched olher thjui minimuni dooumenlflHon to the extent Thai audi dooitnenu att induded in the fieldi f eardied 
Jitsuyo Shlnan KbhD 1922-1996 TacoJcu JitBuyo Shinan Kobo 1994-1999 

Kfikai Jitsuyo Shiran Koho 1971-1999 Jitsuyo Shlnan O^csroku Roho 1996-1998 



HeclianKdaUbiMaimHfid during the inteniaiaotltearelifiMizieofdfttabafeMid, wtm used) 



C DOOaMENTS CONSIDERED TO BE RELEVANT 



Cttegory* 



OUtkxi of doounienU with iiulicittoci, where ■ppraprntc. of the lekvuU pasuges 



Relevint to d«iia Na 



X 

Y 



X 
Y 



JP, 63-1&7372, A (HatBUfihlta Sleotrlo Industrial 

CO«^ Ltd. )r 

30 June, 1988 (30. 06. 88) (Family: non^} 

JP, 63-157373, A (Matsushita Electric Industrial 
Co., Ltd.)r 

30 June, 1988 (30. 06. 88} (Family) noM) 

JP, S9-195309, A (Sony CorpO# 

6 November, 1984 (06, 11. 84} (Famllyx none) 

JP, 58-175113, A (Hitachi.Ltd.)/ 

14 October, 1983 (14. 10. 83) (Family: none) 

JP, 1-106369, A (Victor Co. of JapaarLtd.), 
24 January, 1989 (24. 01. 89) (Family! none) 



1, 31 
2-15, 32-45 



2-15, 32-45 



2-15, 32-45 
2-15, 32-45 



3, 8, 13, 
33r 38, 43 



I I Further documena arc l»led in the oontinuation of Box C. Q See patent family annex. 



SfMcUt catcffma. of died doettOKnti: 
doauneatddiiaag Ac ecansf itatc o( the art wJm«]i uol 
oooaidcicd to ^ of p«nicuiar Delevaace 
^E" cadkr duoineai but pvHolied vm or aflcr Ite mmaliMBd lUins dMe 
' L' doouneat whidi my ihnm doalito oa piioriiy daimfa) or wluck is 
cited 10 easbiiab ibe paMUsiiee dalaef anatfiev ctiaiioQ or odwf 
special naaen (as specified) 
'O" docaineeiiefcmKg teen dfildfaciaM, flic, ealrifaii^ 



ttdeaRl fftioi dale bat laMrikaa 



docaMi ^UkM prior to die K 
tbcfriMiiydaiacbined 



"T* li her dDCuaitenl pabLi^ied aClcf ihe iaieraalKMa I Til log dak or pricriry 

dale ■ Dd BOf h oiidllcl with Iba applkaiioa btti died to aedealMd 

ibe priisiidB ur ihanfy vndolyiaglfee tawrtM 
"X' duEVDMSMafoaniailariBleiwmifeeclaiiwdiaw^^ 

eoflikkredaawdareiaBDibeoQBiMlerattaiav^ infcndveaicp 

wiea ibe docamcai is tdum akma 
' Y' dmunert at eantcnlar letevanoe: ae ci»)in«l 'w/aiuon tmwa be 

ttaiddtnd •» tiaMlM an faiMMrive «up ««M ilK dooi^^ 

oMubiwed wilb qm or msa ei 

bdif obvieua to ■ ^lu ricilM ia ibi ait 
"a* doamwoi oMttbar of the oieM paiMtt iamiLf 



Dale of the acluaJ oompletton of the international search 
8 March, 1999 (08. 03. 99) 



D^e at' maiitng ot Ihe iniemationft] search report 

16 March, 1999 (16- 03. 99) 



Name and mailing address at' the ISA/ 

Japanese Patent Office 



Faaimile Na 



Autbaroed officef 
Telephone No. 



Form PCT/iSA/210 (sccood sheet) (July 1992) 



58 



EP0992 9g4A1 



rNTERNAltONAL SEARCH REPORT 



Ihiemctiooii ap|Mt«ilion Na 

PCT/JP9B/05593 



Bos I ObMratkm whm ttrtain daiiai wen found anmrdnikk (CMUlniullon tum 1 oT flm the*!) 



Dua mtetnatioaa) March report bm noi b«en citdblitbed in raspMi 4| certain dttmi under Artid« lor the lollcwii« reason: 

t [x] QatmsNoi.: 16-30 

becauK ihcy lelate toa u ^oct matter noifieqairiBd lobe teatiched by thia Autharily, namdy: 

The subject zoatters of claiAs 16-30 relate to an optical disc on vhich 
information is recorded and relate to mere presentation which does not 
require any international research according to PCT Article 17|2)(a)(i) 
and Rule 39.l(v) « 

2. Q dainoNaa,: 

becBBM they relaae to pAtt of the mteraetioni appticiition thai do not comply with the peeacr i bed nqaiNmentB lo audi m 
dteoi dial no meaitin^Ebl inteniatiauil aeareh can be etfried oat, afsecifiedly: 



3. Q Clatma Nob.: 

becouao they are dcpemknl daiim and are nof drafted in oooardaiiCB with the scoMd and third lemenoe cf Rule 6.4(a). 



BoK ft OhaeryatkM wiiere unity of ttivMloa ii bchlnt (OnUtiitttian of Item 2 o( Hnt a JKct) 



Thia kitemmtiocul Seardiii^ AuUicrtty found multiple inventiooa ie thia iaiernatianal applicaiioB, aa folioiM: 



^ ' n required additional search fees were timely |»aid by the a|ipbcint. this tmernoliunal search report uaven a]l 

scerdwbie diima. 

2. 01 As all seaKbabie claims could be searched without effort justifying an additioual foe, thia Aothority did net hiviie payment 

of any additional fee. 

3. Q Aa col y some of ihe retired odditiofial aeard\ fees w«ro ti mely paid by the applicant, thia intematiomil search report 

only these claims for which fees were paid, speciftcally claims Nee.: 



4. Q ^lo^oquiJedadditia^ai8«ardltewe(«timdypa^dby1heapplkantCo^^ 

restrided lo Ihe invention fifst memionad in the cUinis: it is coveiod by daimi Nos.: 



Ruaark en Pttitcst Q| Hie additional search fcea were acoompanied by the applieant'a proceat 
n No praicst aasmpanied the payment of additinnaj seardi fees. 



Fotm PCT/ISA/210 (conliuuatioii of firn sheet (1)) (July 1992) 



59 




This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the appHcant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ n^AGE CUT OFF AT TOP, BOTTOM OR SffiES 
FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SI^^WED/SLANTED IMAGES 

13 COLOR OR BLACK AND WHITE PHOTOGRAPHS 
□ SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



